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I. HISTORICAL STATEMENT. 

The phenomenon of cutaneous after-sensations has received 
its most elaborate treatment at the hands of Albert Goldscheider 
and J. Gad; Urbantschitsch, Dessoir, and Thunberg have given 
the matter some careful consideration, and perhaps a score of 
other writers have touched upon this problem in connection with 
their work in neighboring fields. 

The cutaneous after-sensations, as will be further described, 
fall naturally into two classes — the primary and secondary, — but 
this distinction is not specifically recognized until 1892. The 
early authors speak sometimes of **Nachdauer der Empfindung", 
which would seem to indicate the primary after-sensation, but 
quite as frequently we find the term "Nachempfindung" without 
sufficient context to determine whether the primary or secondary 
phenomenon is intended. 

Ihis survey will be made as far as is practicable in chrono- 
logical order. 

In connection with an experiment on skin localization made by 
Kottenkamp and Ullrich^* as early as 1870 it is stated that the 
subject did not attempt to localize the spot until '*nachdem die 
Nadel entfernt war und die durch sie verursachte Nachempfind- 
ung aufgehort hatte**. This casual recognition of the phenom- 
enon would seem to indicate that it was at this time a well known 
fact, but I have been unable to find any extended discussion of 
the subject in the writings of Czermak, Weber, Fechner, and 
other of the older authorities. 

In 1880, Funke^' speaks of the long duration of pain sensa- 
tions and the persistence of pressure after a '*skin compression". 

In 1 88 1, Preyer,'* seeking to compare the phenomena of 
color and of temperature, writes as follows with regard to the 
positive and negative after-images of these: '*Nach Beendigung 
<ler Erwarmung oder Abkiihlung bleibt zunachst eine positive 
Oder gleichsinnige Nachempfindung zuriick**. This persists for 
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a long time : " Wenn man aber weiter beobachtet, dann bemerkt 
man leicht, dass regelmassig die kalte Haut wieder warm, die 
warm kalt wird, indem die positive Nachwirkung schwindet". 
These cutaneous after-sensations are, he says, more enduring 
than those of the eye on account of the greater inertia of the 
skin. 

In 1882, Goldscheider** describes a phenomenon which he later 
refers to as an after-sensation. "Wenn man namlich mit einer 
Messerspitze schnell, am besten die Hohlhand beriihrt, so tritt 
momentan nur die Tastempfindung auf, welcher dann erst der 
stechende Schmerz f olgt. Dasselbe kann man bei einem leichten 
Schlage mit der flachen Messerklinge wahmehmen." 

In the same paper Goldscheider also mentions the long after- 
sensation of the tickle feeling which in diminishing loses its 
characteristic quality and assumes that of a single contact feeling. 
In 1884, he again speaks of the long after-sensations of tickle 
which go off in a "breath-like" contact. In that same year and 
again in the following, he states that if a part of the skin be 
stroked lightly so as to produce an after-sensation of tickle and a 
moderate pressure stimulus be then given in the center of "this 
region it will cause the tickle feeling to disappear. In a similar 
way these after-sensations can be stopped by rubbing the stimu- 
lated spot — i.e. by a further arousal of the touch nerves. 

In 1882,^2 Goldscheider describes the after-sensations of tem- 
perature and most of his papers for the next four years contain 
some reference thereto. No effort is made to report these ref- 
erences in order. The excitations of temperature nerves are, he 
says, revealed through their long after-sensation. This is true 
for both warm and cold stimuli although cold are especially favor- 
able. In connection with his description of temperature points 
he states that the temperature sensations obtained there, do not 
disappear with the cessation of the stimulus but have an after- 
duration which shades off into an indefinite, indescribable feel- 
ing. This phenomenon is very insignificant in some regions and 
overwhelmingly distinct in others. From continued pressure on 
a temperature spot the temperature sensation may persist for a 
long time and on especially favored spots leave behind it a clear 
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after-sensation. This phenomenon is, however, rare. As an 
exfJanation of the process he says ''Allein diese Nachempiindung 
muss Ich fiir einen rein nervosen Vorgang halten, der mit der 
objectiven Temperatur der Hautstelle nichts zu thun hat". And 
this is proved by the fact that a momentary contact with an object 
only moderately cool will give so intense and prolonged an after- 
sensation that it cannot be due to any objective cooling of the 
skin, and also by the fact that temperature after-sensations can be 
produced by mechanical stimuli. 

Goldschcider, in 1885,*' makes a brief reference to the after- 
sensations of pressure, saying that on certain regions of the body, 
notably the back and thighs, there are many pressure spots whose 
after-sensations are so vivid as to obscure the perception of new 
pressure spots when stimulated. 

Blix,* in 1884. noticed the persistence of pressure after cessa- 
tion of the stimulus: :'*Dazu kommt, dass der sichtbar statische 
Zustand, welcher durch einen andauemden Druck auf die Haut 
eintritt, daselbst eine eben falls andauemde Druckempiindung zu 
Stande bringt, wahrend die Nervenfaden nur bei denn ersten 
Eintreten des Drucks auf sie gereizt werden". 

In 1885. Dr. Donaldson,* in his paper "On the Temperature 
Sense/' remarks this phenomenon as follows: **It was of course 
notice<l with these spots (cold), as with the whole skin, that the 
thermal sensation when roused lasted some time after the re- 
moval of the stimulus, in some cases several minutes. This is 
often a <listurbing element in certain experiments, for it is not 
always clear whether a given sensation comes from the spot at 
which the stimulus is acting, or from the six)t at which it just 
acted. It is this fact which contributes largely to the continuity 
of the sensation of temperature when a stimulating lx)dy is drawn 
over the surface of the skin." This after-effect, he agrees with 
Goldscheider. is a purely ner\'ous phenomenon quite independent 
of any objective change of temperature. 

In the same year. Dr. Donaldson in collaboration with Pro- 
fessor G. Stanley Hall* published the results of certain experi- 
ments on the cutaneous perception of movement. Here they 
found cases where the sensory after-image of a moving point 
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fades in consciousness very slowly. In a test on van-ing the 
rate of movement, or the distance which must lie traversed before 
the judgnKnt is made, these authors state that **L>own to the 
lower hmit of velocity here used (icm. covered in .012") it 
would seem that the after-image of the sensation caused by the 
moving point, from the beginning, |)ersisted in conscitnisncss as 
vividly, or at least as effectively, for 40" as it does for 4/ 10 of r% 
or el>e that the two were judged in different ways*'. This is 
interesting as indicating the duration of the perr'isting sensation. 
In 1K87. Victor Urbantschitsch** in a clinical investigation of 
the sensitivity of i>arts of the face inflamed from an ear disease* 
describes the appearance of tactual after-sensations; and in the 
same i>a|)cr rc|K>rt!> certain observations made on tem|ierature 
after-sen>ations with nomial subjects. These tactual stimulations 
were given with a shar[>-|Kiinte<l instrument, but their after- 
sensatitins can. he states. \k easily (»btained by prcs*»ure from a 
blunt |M)int t>r by light stroking of the skin. These cutaneous 
phetiomena sh«»w the primary aiul sec<Hi<lary phases common to 
visi<in. **I>as Nachbild schliesst sicht einerseits unmittelbar dem 
vorausgegangen Sinnes-eiiulnick an un<l liildct mit diesem eine 
gemeifi?iame ununterbrochen Sinnesempfindungen. oder das 
Nachbild taucht anderseits nacli einer v«»rausgegangenen Emp- 
fin<Iungs{fcause wicder auf uiul verschwindct nach eincr individuel! 
verschietlen langen Zeit. um vielleicht n<K:h cin. 2 und 3 mal 
wietlerzukehren." I^)th ty|>es niay apfiear in a given exfieriment, 
or either may ap()ear alone. The secondar>- after-sensati«)ns 
prove<l t«Hi erratic to be use<l as a test of the relative sensitivity of 
the disca>ed an*! noniul larts. Init the primarv* were found to be 
quite consistent ami afforde<l a very go*«! tcM of cutane<ms 
sensibilitv It was learned in this connection that there were six 
cases \%here the primary after-sensation was of longer duration 
on tlie n«'nnal than on the inflanKil side as o|>|ii>setl to one where 
the conditions were reverseif. This «lifference in <iuration tended 
to l>e rt|uali/cd a^ the jatient rec<»vereti By a[>|»iication on the 
forehead of c«4d and wann metal surfaces. aftcr-scnsati«»ns were 
obtained winch cither 1 I ) disapjieared instantly, returned weakly 
after I;-.*;", gradiull) grew str»»nger and remained s<» 33-^0"; 
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or (2) persisted after the removal of the stimulus 35-50", re- 
turned after a latent period of 12-23" ^"^ ^^^^ remained 4-25". 
Essentially the same results were obtained from touch stimula- 
tions on the normal skin, except that the secondary after-sensa- 
tions were more ntunerous. For example, after a touch stimula- 
tion a primary after-sensation was felt followed by a latent 
interval of 12", then a secondary after-sensation of 2", latent 
inter\'al 16", after-sensation 10", latent interval y2^\ after-sensa- 
tion 16", latent interval 15" after-sensation 37", latent interval 
10", after-sensation 30", latent interval 15", after-sensation 13", 
latent inter\'al 17", after-sensation 65". 

In 1890, Goldscheider published an experimental paper dealing 
exclusively with the subject of the cutaneous after-sensations 
obtained from mechanical and electrical stimuli, together with 
his physiological explanation of the process. A year later, he 
repeated and amplified this research in collaboration with Profes- 
sor J. Gad,'^ and this later work is the most elaborate and sys- 
tematic treatment of the subject to be found in the literature. 
The first paper is but a brief outline of the other and, as it 
contains nothing of importance not contained in the second, it 
will not be treated separately in this survey. 

This paper, published in 1891, begins with that familiar de- 
scription of a cutaneous after-sensation. '*Uebt man mit einer 
Nadelspitze einen leichten Eindruck auf die Haut aus, so hat 
man ausser der ersten sofort eintretenden stechenden Empfindung 
nach einem empfindungslosen Intervall eine zweite, gleichfalls 
stechende Empfindung, welche sich in ihrem Charakter dadurch 
von der ersten unterscheidet, dass ihr nichts von Tastempfindung 
beigemischt ist, sie vielmehr gleichsam wie von innen zu kommen 
sclieint." This phenomenon will appear likewise with very weak 
stimuli, even with those lying close to the threshold. With 
stimuli intense, but not painfully so, the secondary sensation may 
be painful; but if the stimulus is painful, the secondary sensa- 
tion is weaker than the primary and appears less clearly, the 
latent inter\'al being partly filled up by the persistence of the 
primary. The stimulation for these after-sensations can be 
given equally well by a dull point. This phenomenon. Gold- 
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schciclcr s|)ccificly i<lcntifics with the one quoted alK)ve, where l>y 
the prick of a knife blade a totich sensation ai){)eared, followed 
b}' a prickinf^ |>ain. 

The after-sensations obtained fnnn electric stimulation arc 
first deMTriliet!. These stimulations were jjiven by means of an 
mduction current rhythmically interrupted at certain inter\als so 
as to fonn a series of similar stimuli se|Kirate<l by e<|ual intervals. 
These series were varie<l as ref^ards the numlwr of induction 
shock> ^iven in a series, the length of the inter\'al se|>arating 
them, and the intensity of the stimulus. The inienals varie<l 
fn>m KHjoocr. and to obtain such there was intnxluced into the 
primary circuit a tuninjj-fork oscillating KX) times a second ( thus 
giving io<r intervals) and a fast and a >low-swinging elecin>- 
magnetic hammer which care<l for tlie intervals «»f if>-joo<r. A 
few exjierinMrnts were made «>n one subject with intervals of 300- 
950cr and for these a metroninne was uvcil To vary the length 
of the Htimulus-series and hence the numlier of induction shocks 
given, three a|>j>liances were use^l, descrijitions of which can lie 
found in tlie i>ai>er mentioned. The intensii\ i»f the electric 
current was easdy varied by the sliding uji ami down of tlie 
secondary c«»d The electnwles were enclosed, at a diNtance of 
I mm. in a rounded hand-grip of woo*] whicli the subject 
held. i>rcsseil against a ct^nntant s|>i»t on the julm **i the han<l 
The duration of the latent periiwl was measured by means of 
Pfeil chron«»graphs and a lieiss cntact -maker 

The general result'* «»f the exjiernnents may !>e stated !»nrrty 
as f«»ll«»ws "I'ur die Krklarung «lrs IMwn-»meiis der sec«»ndaren 
Emptindung ist nui» \*'n grundlrgeiider IU*«!rulung. d;iss ihrncUc 
vollk<>mmen felilt. wenn em ein/clner ( >rltniings^< !»lag anf die 
Haut appluirt wird. dagrgrn «liirc}i rme Ivnlir -^^Klirr Kri/r hrr- 
v«»rgebracht wird Km nn/elner i )r?TmiTig^st }jlag i^icbt an ilen- 
*<nien Hautstellen. an welchen man 'las Ik-si l',r!rl»rnr !*b.in«»men 
mit drr Nadel sulicr erzcugen kann, luir einc prinKire I'miifindung 
und /%%.ir im ^jan/cn IWreich dcr Keit/starkrn rin. \«'Tn Shwrllen- 
werth l»!s /um Atiftreten exrentrivher Kmphndungen 
I-;is^t man je«!«»ch mehrere Indmtionsv'hlage auf einander f«>lgen, 
si» tritt. durch em leeres Inter\all getrennt. ilie seci»ndare KmjK 
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findung ein, welche im Allgemeinen denselben Charakter hat wie 
die primarc, nur mit dem Unterschiede, dass sie nichts discontin- 
uirlich ist." 

All gradations of secondary sensations were obtained, from 
those just noticeable to those which were very strong and clear, 
and from those preceded by a clear latent interval to those in 
which the secondary sensation was continuous with the primary. 
This variation of quality and intensity was directly dependent 
upon the conditions of stimulation. There were certain individ- 
ual differences, and even in the same individual, under identical 
conditions, the results sometimes vary, but these variations are 
unimportant and commonly found in all subjective phenomena. 
As has been stated, a single induction shock produces only a 
primary sensation. Two shocks may, however, call out the 
secondary sensation but in a ''sehr undeutlicher und inconstanter 
Weise", and three stimuli give similar results. Four stimuli, on 
the contrary, will produce the phenomenon with great clearness, 
provided the intervals be of the proper length (30-60 <r) ; but with 
intervals above or below this length, the secondary sensation 
becomes progressively less clear. These conditions hold likewise 
tor five, six, and seven stimuli; but by further increase of the 
number of shocks the interval must be constantly shortened to 
obtain the best results. So, in general, it may be said that if the 
length of the interval is increased the number of stimuli must be 
decreased, and if the number of stimuli is increased the interval 
must be shortened. To cite extreme examples, 3 stimuli require 
an inter\'al of 1 90-200 cr to produce the secondary sensation 
clearly, while with 40 stimuli a lOcr interval is sufficient to make 
the secondar}' sensation appear distinctly. This reciprocal rela- 
tion applies best, however, to the middle regions and is only gen- 
erally applicable to such extreme cases as those just mentioned, 
although it may be generally stated that the total duration of the 
series remains approximately the same throughout, secondary 
sensations being obtained by 50 stimuli with loa intervals and 
b\' two stimuli with an inter\'al of 620cr. The facts most notice- 
nbly brought out in this connection, however, indicate that there 
is a mid-region, both of stimulus-number and stimulus-inter\'al. 
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within which the after-sensation is most marked and that "Dieses 
Feld zieht sich aber sowohl nach unter wie nach oben spitz aus". 

With rej^rd to the effect of the intensity of the stimulus on 
the api^earance and clearness of the after-sensations, it may he 
sai<! in j^neral that a nKxIerate intensity is most favorable, al- 
thouj^^h it is very clifficult to give any exact figures on account of 
ihe increase in intensity of a stimulus when it is applied in series. 
The most favoraWe intensity was. therefore, empirically deter- 
mined in each case. It was found that by decreasing, and csjiec- 
ially by increasing, this intensity the secon<lar)' i>henomcna be- 
came less clear. 

It a|>j)eared in the course of the experiment that certain regions, 
varying with the two subjects, were more favorable than others 
for pHMJucing the j>henomena in question. — the volar si<le of 
the han<l an<l wrist, for example, toeing more suitable than the 
dorsal. — and this is attributed t<i the local sensitivitv of the skin, 
f^ecause on these sfiots. als^>. the primar)- sensation was sensed 
more clearlv. 

The quality of the after-sensation olitained un<ler tlie l)est 
c«>nditions i<i descrilied as **ein schnell auftauchendes un<l kurz 
dauem<les fein-stechendes Ciefuhl von nicht schmerzhaftem 
(liarakter." With too strong intensity the sensation may irra<!iate 
ami this irradiation have a "tickle" quality. With a small numlier 
of stimuli (2-3). likewise, the sensation tends to sfiread. Again, 
under certain conditions, the after-sensations lose their pricking 
and <|uick-<lisap|>earing ({uality ami {lersist for a long time as a 
tingling, burning sensation. The qualitative changes may l»e 
further descrilietl as follows: "Kei einer mx-h massjgen Rei/zahl. 
etwa 10 Reizen zu 40<r Intervall. Iieginnt die secundare Empfmd- 
ung stecliend. wird alier statt abzufallen schnei<lend Bei gross- 
erer Keizzahl bez. Vermehnmg der Reizstarke. Iieginnt sie gleich 
Si*hneiden<l IWi rnvh weiterer Vermehrung der Rrizzahl. I>es4)n- 
flers wenn gleichzeitig <lie Gesammtdauer der Reizreihr vrrgnK- 
4ert wird. ist sic nicht mehr durch ein leeres !ntcr\'all v^hi der 
primaren F-jnirfindung aligesetzt. s/mdem schliesst sich tinmittel- 
liar an diesc aU eine schnei<lende. Ianggez<*gene. allmalig al»klin- 
gende Em|>fim!ung an." 



• • • • • • • 
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In general, it was found that the time which elapsed between 
the end of the stimulus-series and the appearance of the secondary 
sensation was nine-tenths of a second. This time was found to 
be approximately constant as long as the stimuli were given within 
the limits of what is termed the "Auslosungswerte", i. e. those con- 
ditions of stimulation which will province the secondary phenom- 
ena most clearly and easily. That is to say, the number of 
stimuli may l)e three or fifteen, the inter\'al \Oa or 70 cr, 
(and the total duration of the series 2P<r or 370 cr), but the 
space between the end of the series and the b^inning of the 
after-sensation will remain the same except for certain irrelevant 
fluctuations. If, however, the boundaries of the "Auslosungs- 
werte" are overstepped the secondary sensation makes its appear- 
ance independent of the duration of the stimulus but at its old 
"time-moment", i.e., the inter\'al is correspondingly shortened. 
If the duration is still further extended. — to 8oo<ror over. — the 
secondary sensation flows into the primary, or does not appear 
^i all. 

As an apparatus for applying the mechanical stimuli so as to 
varj' their intensity, duration, and "abruptness" of application 
an<l withdrawal, the following arrangement was used. A sort of 
Marey tambour, o|)erated by a handle, contains a needle fastened 
perpendicularly to the membrane and this is connected by tubing 
with a second tambour which registers the curve, while a time- 
curve is written below. The intensity of the stimulus is thus a 
function of the ordinate value and the abruptness of application, 
as well as the entire duration of the stimulus, is given in terms of 
the abscissa. For the more intense stimuli this apparatus was 
found too frail and another w«is constructed. This consiste<l 
of a spiral spring, to one end of which a needle was fastened. 
In«iide the spiral of the spring there w*as a glass tube one end of 
which was connected with a Marey tambour, the other l^eing 
covcrecl by a membrane against which the head of a needle 
rested li^litly when the spring was not in action. 

The record of the results here obtained is obscure and it is 
neces'iary to turn to the shorter paper for a clear statement. It 
api>cars, however, that with mechanical, as with electrical stimu- 
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lation, there is a certain range of optimal conditions within which 
any change of intensity, duration, or abruptness is without sig- 
nificant effect upon the latent inter\'al. The intensity might vary 
from an ordinate height of .5-2 mm. (with the stronger stimulus 
a|>()aratus) and from 3.5-8 (with the weaker), without any 
ap()reciabie change in the latent inter\'al. With stronger stimuli, 
however, it became shorter. By varjing the abruptness of appli- 
cation, it developed that if the inter\'al were measured from the 
beginning of the stimulus to the apfiearance of the secondary 
sensation the lime was somewhat shortened, Init by measuring 
from the cn<i it retnained about the same. The varying dura- 
tions of the stimuli gave approximately equal results unless the 
duration exceeded 500a, in which case the interval was lessened. 
It is significant that with (»{>timal conditions the latent time is 
practically the same as that obtaine<l by electric stimulation. The 
length of the latent interval seems to lie influenced to quite an 
extent bv tlie clearne'^s of the sec<Kidarv phenomena. When the 
stimulation is given on the volar si<le of the wrist — an es|)ecially 
favorable sj>ot — the emjKy interval is much shorter; and on the 
sole of the f<^>t it is increasetl In* 4005(X) a beyond its <luration 
on the |)alm of the tiaml. 

The last third of the (ia|)er is dev(»ted to an explanation of the 
ptien* >menon. (f<4dscheider maintains that it is without doubt a 
summati(»n pnKress. This summation takes place in those cells of 
the grey matter which come into relation with the fillers (»r c«)l- 
latcraU of the spinal r«»-»t fillers ascending in the jiostrrior col- 
umns. Witli a *»Hij;le induction shoik the excitation which 
reaches these ccIU is not «iutVKient to *i»rcak thpuij^h" to a con- 
«ci«»us center, Init is instea*! ^tofe<l up in thcMr cclN. until, by a 
serie% «»! successive stimuli, the ppce^s of continual storing up 
results in a changecl c«>nditi«»n which causes the cells to **unload'* 
tlieir energy; and this cellular excitation breaks through to the 
center by a jiath of its t»wn This is tenne^l the Summation 
Path. The primar>' sensation is in every case the result of an 
immediate Ci»nduction throujjh the i»Merior c<»lumns an<l is 
therefore res|)i»nsi\e to even a single stimulus This Summation 
I*aih IS hlentifie^i with the Pain Path of earlier authors, and the 
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pain of a primary sensation is explained by saying that a stimulus 
of great intensity is able immediately to break through the Sum- 
mation Path. This identification is supported by clinical cases 
of spinal-cord disease where a series of non-painful stimuli result 
suddenly in pain, i.e. in a new sensation. A close analogy is 
likewise drawn between this phenomenon and that of delayed 
pain under pathological conditions. Schiff , Funke, and Wundt 
are quoted as the authority for locating this summation phenom- 
enon in the posterior horn, and the pathological finding of anal- 
gesia in gliose favor this localization. In order to explain the 
appearance of a secondary sensation by a single mechanical 
stimulus, under such a summation hypothesis, the idea is advanced 
that a mechanical stimulus must in itself be looked upon as a 
series of stimuli. The justification for such an explanation is 
given in the following paragraph which is the only discussion 
of the matter. "Beziiglich der mechanischen Hautreize hat sich 
das bemerkenswerte Ergebniss herausgestellt, dass dieselben in 
ihrer Wrikung niemals einem einfachen Reiz, sondern stets einer 
Reihe von Reizen entsprechen. Dies bleibt bestehen, unabhang^g 
davon, ob unsere Auff assung von der Summation richtig ist oder 
nicht. Die Vergleichbarkeit des mechanischen Reizes mit der 
Reizreihe g^ng so weit, dass auch die Beziehungen des Auslos- 
ungswertes zum Zeitpunkte der secondaren Empfindung und zur 
Art und Dauer der Reizwirkung sich als ahnliche herausstellten." 

In 1892, Max Dessoir,* in a monograph on the skin sensations, 
devotes a page or two to the after-sensations of temperature. In 
speaking of the cutaneous after-sensations in general he states 
that they are of two sorts, those which are uninterrupted, which 
follow the stimulus without a break, and those which make their 
appearance after a short sensationless pause ; and these two kinds 
he designates by the terms Continuous and Intermittent. 

In his experimentation on the temperature after-sensations he 
obtained the following data; "Das Nachbild eines Kalte — oder 
Warme — Reizes wird durch die entgegengesetzte Erregung auf- 
gehoben, durch eine neue gleichartige Erregung verstarkt". For 
example on withdrawing the finger frorn cold quicksilver the 
persistence of the cold sensation is noticeable for some time; ir 
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however, immediately on the withdrawal, the finger is plunged 
into wann quicksilver, the cold immediately vanishes and the 
thermal sensation becomes neutral, but when the finger is again 
brought out into the air the cold sensation reappears as though 
entirely uninterrupted. In this experiment the average duration 
of this persistence was 5340* and the phenomena were not observ- 
able in the neighborhood of the threshold, — ^that region tending 
rather to produce Intermittent after-sensations. 

The Intermittent after-sensation he states has been ob- 
served in the fields of optics and acoustics and by Gold- 
scheider, in the cutaneous realm. This Goldscheider phe- 
nomenon should not, however, be identified with the other two 
for the touch after-sensation only makes its appearance after 
a series of stimulations. This same dependence on a serial 
stimulation is to be found likewise with the temperature 
sense, for this after-sensation makes its appearance most clearly 
if 4 very light temperature stimuli (of .5" duration) are allowed 
to fall on the same spot. One can then clearly differentiate the 
primary sensation, a sensationless interval of about a second, and 
then the secondary sensation. With the application of stronger 
stimuli this fluctuating phenomenon does not appear, but, on the 
spot stimulated there immediately comes a steady after-image 
joined to the stimulus sensation. To determine the duration of 
this after-sensation a "Sensibilometer*' was used. This consisted 
of a metal cylinder, i cm. in diameter, heated for 15" in quick- 
silver of 50-55° C. and then placed on the skin of the back of the 
hand and on the pulse of the left radial artery. On sensing- the 
warmth the subject turns on a chronoscope and the experimenter 
at the sound immediately removes the cylinder; with the cessa- 
tion of the resulting after-sensation the subject turns off the 
drum. From this total time the author desires to subtract the 
time necessary for the auditory reaction of the experimenter as 
during this time the stimulus was still applied. For this purpose 
he assumes the average time-reaction of 1380" obtained by Jas- 
trow in his Time Relations of Mental Phenomena, subtracts this 
from the total time and calls the remainder the duration of the 
sfter-sensation. With the one subject tested the duration (ex- 
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elusive of the auditorj'-reaction-time) varied from 3i6-8o7<r. If 
the temperature of the stimulus was so intense as to produce pain, 
this time increased to 1513-1^^^90*. 

Ladd,^^ in his Physiological Psychology, published in 1891, 
speaks of the temperature after-sensations as follows: "After- 
sensations of temperature seem to exist. But when a surface 
of the skin has been warmed or cooled and the after-image has 
faded quite away, it is said that it can be called back by light 
mechanical irritation; this is especially true of sensations of 
cold." 

Wundt,'® in a note in the 4th edition (1893) of his Grund- 
ziige [omitted in the 5th edition] cites Goldscheider*s secondary 
phenomena and says of it : **Es ist nicht unwahrscheinlich, dass 
cs sich hier um eine durch die Doppelheit der sensibeln Leitung 
betlingte Erscheinung handelt, wobei die primare Empfindung 
durch die directe. die secundare durch die den Umweg iiber die 
graue Substanz einschlagende Leitung vermittelt wird, um die- 
sen)en Bedingungen also, die der verschiedenen Leitungsgesch- 
windigkeit von Tast und von Schmerzreizen zu Grunde liegen". 
In the 5th e<lition of this work ( 1902) he records (i ) von Frey's 
persistence of pressure after skin deformation and, (2) the 
persistence of a cold sensation after removal of the stimulus. 

Kiiljie.-' (1893) in his Outlines, makes several references to 
the [)henomena of cutaneous after-sensations. Goldscheider's 
research is cite<l together with his physiological explanation of 
the same: **but these after-sensations of pressure would seem to 
apf)ear only under verj' special conditions, hardly realized by 
n«»nnal stimulation". 

*\\fter-sensations of heat have been ol)served. of a kind simi- 
lar to those of pressure. The blank interval Ixrtween primary 
and secondarj' sensation amounted to alx)ut i sec. It is, there- 
fore, conjectured that the thermal excitation also undergoes 
dispersion into the gray substance of the cord and that there 
summation and retardation of stimulation take place." . . . 
•'The effects of temperature stimuli may persist for a certain time, 
but always (so far as we know) in the quality of the original 
sensation." 
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On |)af(c 85, he iiicntiuns the <liscover)' of sens<>r>' nerve fillers 
with centrifugal conduction which have been found in the optic 
and **niay lie presuniecl to exist in all sensory ner\'e trunks". 
And of the connection of this discover)* with the phenomena of 
after-sensations he says: **It has lieen notice<l. in almost all the 
5cn>e drjKirtments, that a brief stimulation of the |>eripheral orj^an 
give^ (a) a 'primary* sensation, (b) then a short pause, occupy- 
ing a fraction of a second, and (c) finally, a *secondar\'* sensa- 
tion, of the same c|uality as the other. The succession liecomes 
rea<lily intelligible, if we conceive of the first. centri|>etal excita- 
tion, as arousing a second, centrifufjal. We have no nee<l of 
the s|>ecial hy|)othesis proiM)se<I for the sense of pressure" 
((foldschei*ler*s). 

In iH*>,^ Dresslar.' in a \xi\ycT on the Psycholoj»\' of Touch, 
takes the precaution to change the region of stimulation and to 
.ill«»w sutVicicnt time to elapse lietween successive applications "in 
order that the after->ensations shall lie as little confusinj^ as 
possiWe". And at the end of his |xi|>er he ilev<»tes a little sfwce to 
the consideration <»f these per sc. In <»rder t«> tc^t < Joldscheider's 
results he asked a numtier <»f his .students t«» t'»uch the skin 
re|>eatedly with small Ci»rk jiencils an«l to note tlie resultinjj sensa- 
tion. The f«»llowin^ are examples «»f the results «»l>tained. A 
more or les% ticklish sensation at first ap|»eared. sotnf mnc after, 
when it was sup|ii»sed that all sensation had ^jone. a shaq> some- 
what |iainful sensation t1ashe<l tnit and disafifiearoi nearly as 
suddenly ; after quite a |ieri«N| 4»f time it a^ain ap|»eared \m\ with 
less ftirce After stimulation, in a<Mition t«» the feelinj^ of con- 
tact, in aUiut one half the cases, there came a distinct >econdar\' 
sensatiofi i.f a m^re •»r les^ jiaintul character, and ditTuscd i.\cr a 
jjreater area than the primary srnsalu»n In case* where the pri- 
mar\ srn>aM«»n was s«in)e\%)iat |Kiintul the ailer-scnsation diil not 
conic out so clrarly After tonchinj; the Kick of the hand there 
ar«»^e .i^* an after rfTcct a slight drawing: scnsatioii After a 
sli^htlv (i^iinftil siirmilation a sj.arp tine sensation api^ared later 
whiv h \\a^ ! ^..itc'! s. .tnrwlMt nearer ll'.r wrist Willi a I'^h! pres- 
sure the '^eri'^.it *'•!'. w.i^ ,\ tv-'Tc ^»rr'*!^tent -Tie «•! a sti^krrit; <»ij.dity 
whu!i la'!r'l sl-.wly wi!h several reviirreiues The^ examples 
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were typical of all the rest. The after-images of touch could, he 
said, be facilitated if the surface be stimulated by tickling, in 
order to increase the blood supply in that region, and this facilita- 
tion could not be assigned to a generally increased sensitivity to 
touch, for, under these conditions, the primary sensations were 
unaltered. In addition, it was noted that the appearance of the 
after-sensation was coincident with the return of blood to the 
spot stimulated and ''this rush of blood is the chief and, as far as 
I can distinguish, the only direct stimulating agent for the pro- 
duction of this after-sensation". Goldscheider's summation 
theor>' he therefore considers needlessly difficult. 

In 1893. Krohn.^^ in a paper on the Simultaneous Stimulations 
of Touch, says of the after-images of touch that they are often 
more clearly felt and localized than the original stimulus — the 
subjects sometimes correcting their localizations by the "dawning 
of images". These after-sensations are more lasting in some 
localities than in others, the hairy portions, especially when 
shaved, being very favorable. The regions in which the after- 
sensations are especially intense and distinct would be graded 
as follows — calf of leg (behind), ankle-bone (outside), shins, 
nipples, instep and tendons. The duration of the after-sensation 
on the calf of the leg amounted, in some cases, to 5 minutes. 

Pillsbury (1894)^^ in connection with his investigations on 
cutaneous sensibility, says that only one experiment was made 
on each skin area during a series **as it was found that the after- 
effect of pressure exercised a disturbing influence upon the 
judgment. Before this precaution was taken it was often noticed 
that the after-effect of the preceding experiment was mistaken 
for the impression given to be localized, or at least gave rise to a 
confusion." 

Henri (1896)*^ in his experiments on skin localization, states 
that it is necessary to take account of two types of response. The 
first of which is where the contact pro<luced by the experimenter 
has not completely disappeared, and in this case the subject guides 
himself throughout by that trace and seeks to touch the spot 
where he still feels a faint contact. 

Parrish (1895)** in a series of similar experiments, says that 
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"n(»t more than lo ex|)cnnicnts were made at a sitting and thus 
the after-eflects of pressure were eliminated**. 

In Ills |)a|)cr of 1896. von Frey** noticeil. in connection with a 
determination of the pressure threshold, that in some cases where 
the ai>i>lication and the continuance of the stimulus was distinctly 
|)erceive<l its removal was unnoticeahle. "Uebrif^ens kommt es 
unter diesen L'mstanden auch vor, dass die Weji^ahme gar nicht 
Ix'merkt wird und die Km|>l'in«lunj; <les vollen Druckes. nur [[janz 
allmahlich almehmend. <len Reiz fiir lanj^ere «><Ier kiirzere Zeit 
iilHrnlauert*', . . . "Nun ist l)ekannt, <lass eine lanjjerc Zeit 
daucrnder. nicht zu schwacher Druck auf dcr Haut ein Abhild des 
flnickrndcn Korjiers hinterlasst <Kler ein Dnickbild, wie man e* 
nennen konntc." And this pressure after-imafjc is erronetnisly 
considered a continuation of the stimulus. The explanation of 
this phcn< >fm*non is to \k sought in a certain **after-workinj^** of 
the ner\ous ppKe^^s conditioning the pressure sensation. This 
"after w«>rkin>j" and its conscfjuent pressure ima^e are further 
<le|>endent on the rapidity with which the skin is restored from the 
defM-e^iSKm caused l)y tlie pressure stimulu'^. This is shi)wn by 
the fact that tliis |Krr*iistcnt after-pressure is not pro<!uced In' 
wei^jhts of minimal intensity, i e. tliose to<) lijjht or too briefly 
apfilied to cause a deformation of the skin. The common illu- 
sion • >f the coin pres>cd xi\itm the f»>rehea<l is cite<l as anal<»gous 
here. ft»r although temjjerature after-imaj^CN may \k active in 
such a caMT the same results mav l>e obtained with cork <»r woo<len 
objects ha\in}; a neutral temjieraturc. In a later |»a|»er ( iS<>t>). 
written m c«»llaU>rati'»n witli Kic*i<»w.* it is a^ain stated that after 
str«»Ti^ and not t«»»» brief wei^jhtinj^ of the skin the sensation 
outlast *» the «»uter stimulus and this is a^jain attributnl t«» a 
•*ruckstan«lij^e Deformation. — ein so^ Druck-biM auf der Haut". 

In the first nnrntionetl pa|>er there is descrilied the plienomenon 
of a pressure scnsati^'U anil a later jKun sensation arisinj^ as the 
result of a single stnnulus; and fl<»ldsi*heidcr*s <iinnlar nliMrrva- 
tion^ are citetl but the [»ljeni'menon is ^nen a wholly ditTerent 
explanati.»n (l«»lds4-hcider\ conception of the pain sensation as 
a sununati'»n of pressure stimuli is refuted by the ft»llowinfj 
results (^Kaine^i (i) On jwin-free fwessure points the |iainful 
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after-sensation fails to ap|)ear; (2) On pain spots situated in the 
neigliborhood of pressure s|)ots the plienomena occurs in the 
manner described by Goldscheider ; (3) On isolated pain spots the 
accompanying pressure sensation is absent, while the painful 
after-sensation ap|)ears clearly. Goldscheider's exi)eriments tend, 
therefore, rather to show the dissimilar manner of response of 
the two forms of nervous ap]>aratus to the same stimulus. Von 
I'rey's own explanation is based on the hypothesis of separate 
end-organs for pressure and pain, the latter having a higher 
threshold of response. csi)ecially for weak stimuli, and a great 
inertia esi)ecially for oscillator)' stimuli, which assumes the form 
c f a "Xachhinkens** and has been errone<:)usly considered a sec- 
ondary sensation. 

In 1896, Kiesow*** confirmed von Frey's results on the after- 
persistence of pressure. **I1 semble done que chaque fois qu'une 
charge est suffisamment grande. on qu'elle reste assez longtemps 
I)Our pnxluire une defonnation sur la jK'au, la sensation survit le 
stimulus.** 

In 1897,-^ Lay. in connection with a discussion of Mental 
Imager}', states that he has himself experienced **what might be 
called tactual after-images**. 

In 1897. there ap|)eared a brief pajx^r by F. N. Spindler'^ on 
the After- Sensations of Touch. These after-sensations of touch, 
or more pro|)erly pressure, are verj- difficult to obtain, by reason 
< f their tendency **to mingle with the general and common mus- 
cular and organic feelings**. While, he says, these after-illusions 
mav fxcur thev could never l)e mistaken for victual tactual stimu- 
lation if subjected to a careful analysis. The after-sensation is at 
Ijest vague. in<lefinite. ami irregular and hard to distinguish from 
the subjective sensations which arise when the attention is 
directed to a |>articular skin-spot. In his introduction he specially 
states that he intends dealing not with the secondarj' sensations 
succee<ling a sensationless interval, but "with those varj'ing sen- 
sations which follow the cessation of a more or less prolonged 
stimulation of the skin by means of pressure". (Evidently those 
after-sensations which elsewhere have l)een distinguished as 
Primar\'. ) In (Mie of his tables, however, he records the "inter- 
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val between the end of the stimulation and the aiq)earance of the 
after-sensation". An interval which always occurs and has an 
average duration of 36.5". (It would seem, therefore, that he 
is treating of those secondary sensations which make their ap- 
pearance unpreceded by a primary after-sensation, and this ap- 
pears probable in view of the very long stimulations given. ) 

The method of stimulation consisted of weights varying" from 
25-1000 grs, placed upon a holder having a base of 7/8 of an 
inch, and applied to the back of the hand for intervals varying 
from 5"-io'. The following results were obtained from his 
experiments. 

(i) The briefest duration of stimulation which would give 
rise to an after-sensation was 5", the weight in this case being 
one of 150 grs. (2) There appeared to be little relation, either 
between the duration of the stimulation and the length of the 
"interval", or between the length of stimulation and the duration 
of the after-sensation, (a) The interval seemed to increase up 
to a stimulation of 3' duration and then, decreasing slightly, 
remain about the same, (b) With stimulations of from 1-3' the 
duration of the after-sensation is about 5', while a 5-10' stimula- 
tion gives about a 10' after-sensation. (3) The effect of different 
weights on the duration of the after-sensation seems to indicate 
that weights of 150-500 grs. give the best results, and that 1000 
grs. always give shorter after-sensations than those obtained by 
500 grs.. (4) The quality of the after-sensations is described by 
the author, in his own case, as simply a feeling of skin contrac- 
tion, as if the surface were painted with collodion or mucilage, 
but other subjects obtained more varied results such as touch and 
temperature sensations, itch, a sort of external smarting, and a 
deep dull ache. 

In 1898, Vintschgau and Durig,*® in the course of an investiga- 
tion of the least noticeable interval between two successive elec- 
trical skin-stimuli, chanced upon a contradiction of Goldscheider's 
hypothesis that a secondary sensation is not to be obtained from 
a single induction shock. It was found that with a single induc- 
tion shock the subject frequently got beside the first sensation a 
second, sometimes stronger, sometimes weaker, or ag^in of equal 
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inlcnsity with the first. Frequently the location was changed, the 
second sensation appearing to the right or left of the first. This 
phenomenon would appear to be identical with Goldscheider's 
secondary sensation, the description of which the authors quote 
at some length. To prove that this diflference was a function, 
neither of the strength of the stimulus, nor of the region tested, 
nor of the construction of the electrode the intensity of the stimu- 
lus was varied through many gradations, and the stimulations 
were given on the same skin areas used by Goldscheider and Gad 
and with a similar electrode. A secondarv sensation was under 
these conditions frequently obtained by a single shock. 

Sanford,'** in his Manual (1898). records the after-sensations 
of touch, i. e. Goldscheider's phenomena, and interprets the same 
by Goldscheider's explanation. He mentions also the temperature 
after-sensations, both continuous and intermittent, — all being, 
however, of the same quality as the stimulus — and the long after- 
effect of tickle. 

In 1898, Crawford,* in a study of the Temperature Sense, criti- 
cises lX)naldson's method of locating hot and cold spots l)y draw- 
ing the stimulating point along the skin on the ground that it 
gives rise to after-sensations. 

Clark^ ( 1898) in a paper on the Sensations of Pressure, states 
that **the sensation may outlast the stimulus, probably as the 
result of the deformation of the skin which lasts for some time". 
Later, in connection with his tabular results, he quotes the intro- 
spection of one subject: **Pressure rather strong, scnm diminish- 
ing, after 20" ap[)arently gone, then again perceived, finally 
definitely vanishing." but makes no comment on the same. 

Titchener.*^ in his Instnictor*s Manual (1901), records Gold- 
tcheider's after-touch phenomena but accepts von Frey's explana- 
tion of the same. Later, he speaks of the pressure after-sensati<in 
varying with different observers, and l)eing recalled, after its 
disap|)earance. by a second stimulation. 

In 1902. there apfieared a |>a|)er l)y Torsten Thunl)erg*** in 
which is descrilxfd the phenomenon of two **stechen<len** sensa- 
ti<ms resulting, under certain conditions, from a single thennal. 
mechanical, or electric skin stinuilation. Tluinl)erg quotes at 
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SMinc Icnj^tli the results of (ioUischeitler and Ga<l and comments 
critically u|>t>n their identitkation of the phenomenon noticed by 
(foldsclieider in iSSj (where a touch sensation is followe<l bv a 
stin)>;in|^ |Kiin), with this later one (which consists in a stinging 
sensation folIi»wetl. after an interval. In' a second similar i>nc). 
In «»p|K»Niti«>n to (ioldschcidcr's hy|>othcsis of the same ncr\e sei^*- 
111); fnr |iain aiui pressure, on which he l>ases his explanation, the 
author quotes von I*>ev*s more recent theorv that there exist 
Mr|>arate nerves and nerve-eiulinj^s for these two sensation quaii- 
ticN. and that the delayed |>ain sensati<ni. which is what Gold* 
S4.heidcr was pn>l>ahly <leHcril)inj; in his early pa|)er — is due to the 
j^reater inertia of the |>ain s[M>ts. \'on Frey's theor)', while it 
exj^Iains the tirM case woul<l not. he contends. a|>|>ly to the other 
phenomena descrilied hy (JoMvcheider and (lad. where the primary 
aiul >ec«»ndary sensations were similar and neither was painful. 
It In with this douMe "stin^^inj; ' sensation t»f (JoMscheider's tliat 
Tlmniierj; is ct)ncerne<l in the present investij^ation. The^^e sen- 
sations are Itcsi descril)ed hy the adjei^tivc **stechende'\ am! tliej* 
ctintain no {jciinful nor unpleasant feeling t«»ne. They can be 
called out hy weak meihanical ( needle-prick ), thermal, or electric 
stimuli: while with a j^reater intensity of these stimuli the sensa- 
tion will clian^e to .mc of prickinj;. hurmti^ |>ain. These two 
sen^alionN then, one "steclietnlc" and in«litTerently toned. an«! the 
other fiearly iilentical in (|uahty hut ha\in^ a flistinctly fiamful 
tone arc mnliated hy the **ame nerves ( j>;iin nerves) an«l corre- 
»|nind Hnn|»ly to ditterence^ in the intensity ^if the Mimulation 

T\%o metli'HiH ..f thermal '»ti:nulation were umnI. one providing 
ft»r diftcrence'* in intcu'^ity wiili the duration of applicati«»n 
remanunf^ constant, while the «»ther had a constant intensity and 
c«»uld l>e ai>|>lie«l l«'r dittrrent lenj^tlis of urne The t'lr^t ci»nsisted 
i'l the applicati'>n "f what he terms **l<ei/-lamellae". an«I these 
were tlat plates »»f metal 4 cm s^jnare and \aryinj; in thickness 
fo-lsO^ I he\ were taken fr^tn UmIiti^; uater and |»lace<l on the 
skill. an<l the amoutil of heat i^nen otT wa^ mea^uret! in terms 
of the ihukne^** "f the Ivei/lamellae I he '*cc«»nd a|»|iaratus — 
which is s|ii4cen ••! a** a **Temj»era!or"' C'»ns:Hted «»f a hollow 
metal \esHrl with a roundest surface j^ cm. in diameter, thnnigh 
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which water of a given tein|)erature flowed in a continuous stream 
X) that the temperature of the vessel remains constant. The 
results obtained by this first method are best given in his own 
words. **Die schwachsten Reize ein cinzige schwache Empfind- 
ung stechenden Charakters entstehen lassen, die l)ei erhohter 
Reizintensitat an Starke zunimmt. Die Rmpfin(hmg hat eine 
ziemHch lange Apperceptionzeit. Wird nun die Starke des Reiz- 
mittels noch weiter erhoht, so erhalt man zwei derarlige Km|)tind- 
ungen, eine schnell sich cinstellende und eine mit langerer Api)er- 
ceptionzcit. Die erstere ist die schwiichste, schwiicher sogar als 
die, die als einzige bei etwas gegeringerer Reizstarke erhalten 
wird. Wird die Reizintensitat noch mehr crholit, so werden l>cide 
starker, ziehen sich in die Ljinge und fliessen schhesslich zusam- 
men. Schon hieraus scheint sich zu ergel)en, dass die l)ei 
schwacher Reizung allcin auftretende Schmerzsensation dem 
zweiten der beiden f)ei starkerer Reizung auftretendcn **Stiche" 
cntspricht. Der erste scheint sich vor dem l:)ereits bestehenden 
einzuschicl)en." By the second method it was found that — (i) 
With h)ng appHcation, i.e. when the Temperator was held against 
the skin until a pain sensation was felt, there appeared, with 
water of 50^C. a fine "sting" which lasted a very brief time and 
then vanished completely. With stronger stimuli this **stinging** 
became stronger and more lasting. There was. however, no sec- 
<»ndar\' sensation. With the water raised to 56-57 C. a weak 
"stcchende" sensation was obtained which swelled directlv into 

m 

an abrupt, quite strong jwin. but there was no rei)etition of the 
same. ( j) If. with water of 58-60 'C the Temperator was raised 
the instant one l)egan to feel the **stinging" sensation, a ver)' brief 
scnsationless interval was |)erhai)s i)erceivcd. followed by a 
secoml "stechende" sensation. With 60 C, the onlv indication oi 
the double sensation was that the i)ain which ap|)eare(l l)egan 
s<miewhat weak and increased abruptly. (3) With brief contact. 
where the instrument was raised before the "stinging" sensation 
appeared, the double pain sensation was easily called out with 
temfjeratures above 60 'C. provided the time of contact was suit- 
able. With t<K) brief ai>i>lications, no pjiin sensation or only a 
single one was calle<l out. or if the stimulus endured too long, the 
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strength of the pain was lessencil and the ••Zwischenzeit** dimin- 
ished or chsap{)eared entirely. These experiments were performed 
on different persons and on different parts of the bo<ly to pre- 
clude the objection that the phenomenon was due to some local 
or indivi<!ual {leculiarity. To measure the ai>|)erception-time for 
wann sensations of different intensities, a simple ap|>aratus was 
usetl. consisting of two line fiarallel wires stretched across the 
skin, through which is |)assed a current too weak to be conducted 
hy the skin. With the a|>|>lication of the metal tem|ierature 
htimulator the circuit is closetl and with its removal is broken 
again at the moment when the sensati«>n is i^erceivetl. The ma- 
jority of his results in this connection are not of im|>ortance for 
this study, but it is stated that on the average the length of the 
"Zwischenzcit" is .87 of a second, and that this interval is quite 
constant. 

The a|>|)carance i>f two •\techen<le" sensations with inmctiforni 
nn«l areal mechanical stimuli was next investigate*!. For areal 
Mirchanical stunulati<»n the following ap|iaratus was use<l. A 
steel spring was set up having <jne emi fastened to a block and the 
«»thcr lying free and l»earing on its tip a flat |>late. By raising the 
tree cfid t«> any <letermine<l height and then releasing it in a 
uniform manner anv intensilv of stimulus mav l>e given. With 
iiicrcasingly intense stimuli one gets the following corres|>onf!in|f 
sen<ition% : < 1 ) fnire contact : i J) contact which after an inter\al 
!-* f«»II«>\%r«l bv iiain : ( \) mon)entar>' and dcla\ed p;iin sen^sitions; 
(41 with ^'till stronger stimuli, the latcr-apjiearing sensation lie- 
coinc* weaker until only one strong mometitary sensation apfiears. 

I-'«'r imnrtiforin stmuili an entirely ditTerenl ap|»aratus was 
i!Mr<l A fine-i>i'intc«i needle wa«i hung liy a thread to tlie upper 
.'•rm "f a juir *»{ forrej*^ lU- pressing t>n the "spring n{ the 
!« rcep** the nee*lle wonM lie forced against the skin and as vvm 
a^ the pressure ceased W'»uld Ir lifted again !>y the pi»wer of the 
'*pr:ng Tti prr\ent lateral ••Millati'-n the needle m»»ve«l up and 
• !«wn in a >;las> tulc The duini^es in inten«*ity were brought 
aUiit by means i.f a cr'»'*»^diar the linger enij of which re*^te<l on 
tV.e iiredle and \i\*'U '.hi'^ fiar \%c;t:ht'^ ••! dittcrent si/rs were 
butig The d-rvd side of the hand wa^ used, and the results 
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obtained varied, on different points of the skin, in the following 
manner. ( i ) There were certain spots on which only a contact 
sensation appeared regardless of the intensity of the stimulus. 
(2) On some spots there appeared a contact feeling followed after 
a sensationless interval by a "stechende'* sensation ; with stronger 
stimulation on these spots the contact feeling was covered up by a 
**stinging" sensation which was followed as before by a second 
similar one. (3) On other points, with weak stimuli, the same 
results were obtained as in i, while by increasing the stimulus, 
a stinging sensation replaced the contact but the secondary sensa- 
tion was lacking. (4) On still other points, the results are in 
general the same as in 2 but here the stimulus must be very 
intense in order to obtain the stinging sensation. The early 
and late pain sensations are therefore only called out on certain 
points — von Frey*s pain points. The early and late "stinging" 
sensations are not exactly alike, for aside from the fact that 
the early "stinging" sensation is usually mixed with contact, the 
late sensation is "auch nicht so momentan und hat einen Chanik- 
tcr, von dem ich, um ihr zu verdentlichen, sagen mochte. dass er 
voller ist als der der augenblicklichen". 

To measure the reaction times of these sensations a slight modi- 
fication was made in the punctiform ap|)aratus. A small metal 
plate was arranged in such a way that the head of the needle 
would come in contact with it when rising from the skin. Both 
this plate and the neetUe were connected with a battery by fine 
wires so that bv their contact the circuit was established. The 
exact a{>plication of the devise is not stated; but the results 
c>l>taine<l show that the average reaction-time for the first contact 
was .21" an<l for the late **stinging'* sensation .88"; for the early 
••stinj^ing" sensation .18" and for the second "stinging" sensation 
.c//'. This corres|K)n(Is to the time for the early and late "stinj^;- 
ing" sensations aroused by thermal stimuli. The numlK'r of tests 
taken in this connection were not luinierous. but the author 
regarcls them as conclusive. 

With electric stimuli esi)ecial attention was given tf> the effect 
of l>rief contact and of extremely inincliform stimulation, i.e. with 
a finer electnnle than was used bv Goldscheider. The mechanical- 
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punctiform apparatus was used here, the needle being connected 
with a battery by a fine wire, while the indifferent electrode was a 
paper-covered copper plate and was held in the palm of the hand. 
The spots stimulated were on the finger and back of the hand — a 
region where muscle twitching could best be avoided. In order 
to maintain a constant point of stimulation the needle was sunk 
slightly into the epidermis. This operation was generally painless 
and spots where a painful sensation was produced thereby, were 
discarded. 

With single induction shocks, Thunberg found that, contrary 
to Groldscheider and Gad, a delayed sensation could be obtained 
on certain favored skin spots. On most spots, there appeared 
with this stimulus, only a single contact sensation, which became 
painful if the stimulus was increased. On certain spots, how- 
ever, the delayed sensation appeared, but weak and unclear ; while 
on certain others, — although these were few in number — it ap- 
peared quite clearly but was always of lesser intensity than the 
first sensation. 

With a series of induction shocks (the apparatus for giving 
these being essentially identical with Goldscheider's), it was 
found that the appearance of the secondary sensation was again 
much concerned with the spot stimulated. On some spots the 
secondary stinging sensation was clearly obtained, on others it 
appeared weakly and on others not at all, the primary sensation 
being in all cases the same. The same individual spot differences 
were noticeable in the stimulations given by a brief constant cur- 
rent. With this method the duration of the stimulus also proved 
of importance. Spots, which with a brief duration gave the 
delayed sensation only weakly, became stronger and clearer if the 
length of the stimulation were increased; and the same results 
occurred where several brief stimulations were applied on the 
same spot. 

In summary, three quotations will perhaps best explain the 
author's conclusions. "Wie es sich mit den naheren Einzelheiten 
auch verhalten moge, sehr wahrscheinlich ist also, dass die mecha- 
nische und thermische Reizung einen Zwischenprocess verursacht, 
der seinerseits die Nerven-reizung vermittelt. . . . Bei An- 
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wcndung einzelncr Inductionsschlage hat die friihe Empfindung 
das niedrigste Minimum perceptible. Erst bei starker Reizung 
kommt auf gewissen Punkten eine verzogerte Sensation. Wenn 
man von dcr eben gegel)enen Annahme ausgeht, dass namlich die 
friihe Sensation durch directe Nervenreizung. die verzogerte 
durch einen durch den Reiz verursachten Zwischenprocess bedingt 
ist, muss diese Thatsache so gedeutet werden, dass der Inductions- 
schlag kraftig reizend auf den Nervenfaden selbst wirkt, aber ein 
sehr geringes X'ennogen hat, den Zwischenpnxess auszuloscn. . . . 
Dcr Hauptinhalt unserer Erkliirung ist also der, dass die freien 
Xervenenden besonders empfindlich fiir schwache thermische und 
mcchanische Reize sind. al)er mit Linger Latenzeit reagiren. Bei 
directer Xervenreizung fallt die Latenzeit fort. Gleichzeitige 
Reizung auf diesen beiden Wegen bedingt die dopj)elte Schmerz- 
sensation.'* 

In 1903, Marillier & Philipj)e,-* in a tojX)graphical cutaneous 
studv, mention the necessity of a time interval l>etween stimuli 
*'X\ account of fatigue and the persistence of previous contacts. 

Haines'*' ( 1905) in a paj^r on Tactual Si)ace Perception, states 
that he guards against the confusing effect of after-sensations by 
avoifling the successive stimulation of neighboring points. 

In 1905, Url)antschitsch'" published a i>ai)er dealing with after- 
sensations of various sorts but giving esi)ecial emphasis to the 
after-appearance of auditory and tem|)crature stimuli. Karly 
:n this ixiper he cites the individual repi^rts of his u subjects, 
from which he sul)se(|uently deduces his conclusions, without, 
however, attempting any t.ibulation of his data. In a more or 
less intHKluctorv wav he first notes the fact that sensations in- 
ct»mpletely or incorrectly i)erceived at the moment (»f stimulation 
may lie corrected in the after-sensation. For example, the apj)li- 
catiofi on the forehead c>f the flat surface of an ojKMied scissors 
wa*i ^nsed merelv as a cold wide surface but in the after-sensa- 
ti«»n was perceived as two cold strips placed at an angle. 

The results of his research are include<l under the following 
headings. 
{ I ) Localization of Sensations. 

The after-sensati(»ns <»f touch and temj)erature were not always 
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limited to the place of application of the stimulus but were dif- 
fused beyond, and in some cases did not appear at all at the 
point of stimulation but upon some neighboring spot. As an 
example of the first case, — ^a metal strip i cm. wide was applied 
to the forehead for several seconds, the cold sensation was at 
first limited to that point, but several seconds later it diffused 
itself from the center of the forehead to the eyebrows and to the 
bridge of the nose, there it gradually increased in intensity and 
then disappeared, was gone i minute and then reappeared near 
the nose. Here, the secondary sensation arose at the point where 
the primary ceased, but in other cases of similar spreading the 
secondary sensation arose at the origUtcU point of stimulation and 
followed the same course as the primary. As an example of the 
second case, — the center of the forehead was pricked with a 
needle, the pain became more intense, then suddenly disappeared 
and some seconds later a painful after-sensation appeared on a 
point above the one stimulated. In some cases the succeeding 
secondary sensations each arise in a different place. In many 
cases, however, both the primary and secondary sensations appear 
on the point of application. 
(2) Manner of Reappearance. 

Frequently the after-sensations appear first at one end of the 
stimulated region and from there radiate over the rest of the 
surface. Sometimes this radiation occurs and then the sensation 
retracts until it persists only on the original starting point. Or 
again, instead of this wave-like progression the movement may be 
one of oscillation, i.e. the sensation starts and then goes back. 

Usually when this spreading occurred it was present with both 
types of stimuli but in some cases only with one. With subject 
I, for example, the warm sensations were restricted to the point 
of contact but the cold overstepped this, while with subject 2 
the overstepping occurred only with the warm sensations. In 
some subjects it was found that the direction of spreading always 
remained constant, i.e. always toward the scalp, or toward the 
nose. In other subjects, this constant direction depended upon 
the kind of stimulation, i.e. warm or cold. In subject 7 for 
example, the cold after-sensation always began on the upper 
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border of the stimulated region, moved down and then up; while 
the reverse order was the case with warm stimuli. This phenom- 
enon was very marked on the forearm, where with the great 
majority of subjects, the cold sensation always spread down and 
the warm upward. This observation, however, when subjected 
to careful examination, showed the interesting fact that by apply- 
ing the stimulus — say cold — nearer and nearer to the elbow the 
tendency to radiate downward became less and less until a 
neutral zone was reached within which the area and the intensity 
of the sensation is limited. By passing beyond this neutral zone 
the direction of radiation becomes reversed, i.e. in this case it 
would be upward. This neutral zone was found to cover a 
space of from .5-1.5 cm. and was located from 9-1 1 cm. alx)ve the 
wrist joint. This reversal of direction occurred in some subjects 
without the intervention of this neutral zone. 

(3) Double Application Expcrimmts, 

If, simultaneously with the application of a stimulus on a given 
spot a second stimulus was set down upon a neighboring spot the 
normal direction of spreading was usually reversed. This rever- 
sion did not occur if the second stimulus was applied on the 
side toward which the normal spreading inclined, i.e. if the 
accessor)' cold stimulus were placed l)etween the original stimulus 
and the wrist, the spreading would continue its normal downward 
course. But if the accessory cold stimulus be g^iven near the 
elbow, the spreading will usually l)e upward, and the space l)e- 
twecn the two applications will remain neutral. With the 
removal of the accessor)' stimulus, in this case, the spreading 
assumes its normal direction. This reversal of direction some- 
times occurs if a contrar)' or similar stimulus l)e applie<l on the 
Cither arm or some more distant part of the body. With other 
subjects, however, lx>th sensations spread in their nonnal direc- 
tions and occupy thus only the si>ace between their |x)ints of 
;^pplication ; of this s{)ace the cold always occupies the greater 
part.* 

* It is interesting to compare these data with the results ohtained by H. J. 
Pearce," in a paper on Normal Motor Suggest ibility. where it was found that 
the application of a second tactual stimulus increased or reversed the 
direction of error in localizing a skin spot previously stimulated. 
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(4) Influence of a Change of Position. 

The raising or lowering of the arm was found to be of influ- 
ence. With some subjects the change of position always caused 
a reversal of the normal direction of spreading, while with others 
the spreading was always upward when the arm was raised and 
downward when it was lowered. 

(5) Contrary After-Sensations, 

With the stimulation of one form of temperature sensation 
there frequently occurred the arousal of a temperature sensation 
of the opposite form, either acting simultaneously as a sort of 
contrast phenomenon or following after in the manner of a con- 
trary after-sensation. Subject 7 showed a case of the contrast 
effect, where in the after-sensation one half the field was hot 
and the other half cold. And an example of the contrary after- 
sensation is given in subject 6, where a cold primary sensation is 
succeeded after an interval by a secondary warm sensation. 
Where this contrary after-sensation appears, the spreading, if 
present, follows the normal direction of the after-sensation rather 
than that of the original sensation. 

(6) The Intensity of the After-Sensations, 

"In der Mehrzahl der Falle nimmt die Temperaturempfindung 
nach Unterbrechung der Temperatureinwirkung auf die Haut 
bald rasch, bald allmahlich ab, bis zu ihrem voUstandigen 
Verschwinden, und so zeigt sich auch die Nachempfindung meis- 
tens in der f riiheren Starke oder etwas abgeschwacht. Bei meh- 
reren Versuchspersonen fand jedoch nach Entfall der bet reff en- 
den Temperatureinwirkung ein Ansteigen der Empfindung statt, 
oder die secundare Nachempfindung zeigte eine grossere Intensi- 
tat als die urspriingliche Temperaturempfindung wahrend der. 
Einwirkung des kalten oder warmen Korpers auf die Haut. 
Diese Erscheinung betrifft bald das ganze AppHcationsfeld, bald 
bestimmte Stellen innerhalb dieses." 

(7) The Sympathetic Arousal of Earlier Stimulated Spots, 

The sympathetic arousal of earlier stimulated spots may occur 
with the stimulation of a neighboring spot : or if the af ter-sensa- 
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tion is in progress the second stimulation may serve to increase 
its intensity. This is especially true with cold sensations. 

(8) IntenxUs. 

The temperature after-sensations, especially cold, may have an 
inter\*al of 10-15 minutes before their appearance, and they may 
be sympathetically called up after an even greater period. (In 
the individual reports earlier mentioned, however, the author 
often refers to an interval of *'a second" or "several seconds". 

(9) Aftet'Smsations of Touch, 

The following points are noted with regard to the after-sensa- 
tions of touch, (a) They may show a change in location. After 
a pin prick the secondary sensation may appear not on the point 
of application but on a neighboring point, and successive after- 
sensations may likewise vary their position. Sometimes, many 
''stinging" sensations are said to appear so that in the after sensa- 
tion the subject feels **as if a bundle of needles were set down on 
the skin", (b) The after-sensations may also show a change in 
quality from that of the original stimulus. For example, after 
a nee<lle prick the after-sensation took the form of an itcliing, 
tingling sensation which extended over the whole forehead, (c) 
The touch after-sensations may sometimes be greater in intensity 
than the original stimulus. 

In the first volume of his "Textbook" (1909) Titchener'* says 
of the after-sensations of temperature: "A long-continued and 
intense cold stimulus is also followed by an after-sensation of 
cold. Intense stimuli, of brief duration, give a i)ositive after- 
image. — the removal of a continued warm stimulus, on the other 
hand, leaves a sensation of coolness". After describing certain 
tests of thermal adaptation he says: "The after-image of cold 
frJIowing long-continued and intensive cold stimulation is a 
little paradoxical; we should rather exi)ect an after-sensation of 
warmth. The cold may. in fact, be the i>arad(>xical cold sensa- 
ti«»n. aroused in this case bv the rush of warm bl(X)d to the cold- 
adapted regions". 



II. INTRODUCTION 

During the winters and springs of 1907 and 1908 the writer 
undertook, at the suggestion and with the advice and assistance of 
Professor J. R. Angell, a study of the phenomena of cutaneous 
after-sensation. 

STATEMENT OF THE PROBLEM. 

In beginning such a study it is necessary to recognize clearly 
those two types of phenomena which are variously treated as 
after-sensations. In the Dictionary of Philosophy and Psychol- 
ogy Titchener defines them briefly as follows : 

"I. In the various senses brief stimulation of the peripheral 
organ results in (i) a primary sensation, (2) a short blank 
interval after the stimulus ceases and (3) a second sensation 
called an after-sensation. 

"II. The name (after-sensation) is also given to the continu- 
ance of the sensation without pause after removal of the 
stimulus.** 

These definitions would seem perfectly applicable to the cuta- 
neous phenomena if the statement were added, as Urbantschitsch 
suggests, that both types may be present in a given experience 
or either may appear alone. The phenomenon mentioned in II 
has been termed the Primary After-Sensation, or the Continuous 
After-Sensation of Dessoir, and this would have to be described 
as a sensation which lasts after, rather than one which comes after 
the stimulus. It is here defined as an uninterrupted continuation 
of the stimulus which persists for a variable time with equal or 
diminishing intensity. These primary after-sensations are much 
the more frequent in occurrence, often being the only after-eflfect 
noticeable and usually preceding the secondary sensation in cases 
of its appearance. 

The other type of after-sensation, the one first defined by 
Titchener, is designated here, as elsewhere, the Secondary After- 
Sensation. It may make its appearance either identical in quality 
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with the stimulus-sensation or quite different from it. This 
change may show as marked a difference as the contrary sensa- 
tions of Preyer and Urbantschitsch, but it is more frequently 
associated with an intensity change, and is therefore, a change of 
quahty rather than a change of modality, — as for example, where 
a tingling itching after-sensation succeeds a pure pressure stimu- 
lus-sensation. (This is of course assuming the tickle-itch com- 
plex to be due to slight stimulation of the pressure nerves as over 
against those authors who would provide separate ner\'es for 
each.) This secondary sensation may appear very faintly and 
gradually increase in intensity, or it may come into being at its 
maximum strength with a sudden swell or throb. It may dis- 
appear likewise in this sudden manner or it may fade away 
gradually. In intensity, it may be equal to that of the stimulus 
or it may be so faint as to be barely distinguishable. 

There have been found cases where, with the removal of the 
stimulus or during its application, the stimulus-sensation dis- 
appeared, so that the latent period ensues immediately upon, or 
even previous to, the removal of the stimulus. This then, is 
followed by a secondary sensation, thus giving a secondary after- 
sensation unpreceded by a primary. Other cases are found 
where the secondary sensation appeared without the interruption 
of a clear latent interval and these cases would seem to partake 
of the characteristics of both the primary and secondary sensa- 
tions. An example will perhaps best describe such a case. Stim- 
ulus areal cold: after removal of the cylinder the stimulus 
persists for a little while with rapidly diminishing intensity and 
is succeeded by a period of cool tingling over the whole area, so 
faint as to be scarcely discernible. Then there recurs a sudden 
pulse of cold, identical in quality with, and almost as intense as, 
the stimulus-sensation. Here is an instance of an after-sensation 
uninterrupted from the removal of the stimulus to the moment of 
it3 final disappearance, and as such it should be classed as primary. 
But quite as important to the definition of the primary sensation 
is its "diminishing intensity" and such a recurrence of vivid cold 
%vould therefore exclude it from this class. This fact would 
seem to outweigh the consideration of the lack of an absolute 
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clear latent interval, so that such cases will be ranked in the 
tables as secondary sensations. We should therefore have to 
amplify our definition of the secondary after-sensations to include 
those which make their appearance after a clear latent interval or 
after a period of diminished intensity. 

The short blank period preceding the secondary sensations has 
been termed the latent interval. Its relations to the primary 
sensations have just been described. It is here defined as a clear 
sensationless pause before the secondary sensation and is not 
intended to include those periods of diminished intensity just 
mentioned. 

NON-ILLUSORY CHARACTER OF AFTER-SENSATIONS. 

The criticism has sometimes been urged that these secondary 
after-sensations are, in reality, nothing more than the perception 
of those common muscular and organic feelings which ordinarily 
pass unnoticed, but which can be called out by concentrating the 
attention on a given portion of the skin. In order to determine 
whether the after-phenomena involve anything beyond such a 
subjective concentration, the re-agents of the following experi- 
ments were given a series of test experiments in which they were 
told to concentrate all attention possible on an indicated skin area 
and to record the resulting sensations. This test was given at the 
beginning of the experimentation and again, on the chance that 
the practice thus obtained in cutaneous introspection might have 
some effect, later on in the series. The results in the two cases 
were essentially similar and are summarized below. The subjects 
were asked to compare these results with those of cases where 
after-sensations were clearly obtained. 

I. Gets no sensation. With the eyes closed gets only vag^e 
visual images of the region. In no way similar to after-sensation 
phenomena. 

II. No sensation at all. Very different from after-sensation. 

III. No sensation at all. Very different from after-sensation. 

IV. Feels unlocalized tendinous strain and pulsation. None of 
the definiteness of after-sensation. 

V. Feeling of slight superficial strain; wholly different from 
after-sensation. 
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VI. Fccis a vague warmness over the area. Much more vague 
znd diffuse than the after-sensation of wamith. 

It would likewise seem probable that if these phenomena were 
of purely subjective nature there would be some individual type 
c{ response, — that is to say, with one subject all the secondary 
sensations might make their appearance gradually or might always 
come in waves, while with another the returns would tend to be 
abrupt. From the qualitative tables (vide infra) it will l)e shown 
however, that such is not the case; that the after-sensations tend 
to show differences characteristic of the various stimuli rather 
than differences characteristic of individual subjects. (Cf. Indi- 
vidual Tables.) 

INFLUENCE OF ATTENTION. 

It is likewise open to contention that these phenomena may be 
explained simply in terms of attention. The primary after-sensa- 
tion followed by a latent period, then the secondary sensation 
toUowed in turn perhaps by a succession of after-sensations, each 
separated by a sensationless pause are strikingly comparable to 
the phenomena described by Serg^, Grandis, Kiesow, and others 
and attributed by them to the oscillations of attention. While it 
is not to be denied that in the investigation of cutaneous after- 
sensations the influence of attention was found very considerable, 
the phenomena as a whole cannot be so summarily disposed of. 
In the first place, the methods used by the investigators mentioned 
were either (i) by means of a continuous stimulation, in which 
the effects of partial adaptation must surely have been effective 
as well as the attention factor, or (2) by the use of minimal 
stimuli — while all the stimulations given in our experiments were 
well above the threshold. Although, as was just stated, the 
stimuli employed here were always of sufficient intensity to l)e 
clearly and easily perceived, that does not prohibit the possibility 
of many of the after-sensations making their appearance with 
considerably lessened strength. In such cases, it is undoubtedly 
true that the apperception of these at their moment of entrance 
probably depends largely on the direction of the attention at that 
instant, and, it is this fact that makes any exact measurement of 
the latent period impossible. It is ver>' prolwble that there may 
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have l)ccn cases where the secomlan* sensation, being of thi« 
minimal intensity, ami Ixring likewise brief. m.iy. by reason of 
the oscillatiims of attention, have l)een ctHn|>letely overKxikeil ; Sii 
that many, or i)ossibly all. of the cases reconled as jjivinjj **prim- 
ar>- after-sensati«>ns alone" may \k of this nature. Thunlierg 
states that he fin<ls it more diflficult to understand the cases where 
these secondary sensations do m»t apfiear than those where they 
do. and such an ex|>lanation miKht perhaps serve. The i^ercentage 
of cases. hi>wever. in which the fading priinary sensation, the 
clear sensationle>s interval, and the suchlen recurrence of tlie 
secondar)' sensation stanti out clearly and intensely, together with 
the subjcctN* introspective certainty of the pnicess. makes any 
eN|>lanatioii i»f the |)henomena as de|ienflent \\\nm fnirely central 
factors, of the nature of imagination, quite im{)ossible. 

In order, however, accuratelv tf» test the matter a limited num- 

m 

\<T of experiments was given to subjects II. V. and VI. as 
fiJIoWH! The stimulus was given, then, as the primary* sensation 
was dying away, the subject was instructe«l to l^egin reading 
alouil from a relativelv unfamiliar UmJc and to indicate anv 
recurrence of sensatimv It was found that with subject V, out of 
ten stimulations of areal pressure given under these comlitions, 
three recurrences a|)|ieared with such vigt»r as to break into tlic 
field of attenti(»n. With subject II. the same «H:curreil twice with 
contact cold, and twice alsi> with subject VI. where the stimuhi« 
was punctiform {lain. 

1*here were als4» many cases throughout the exfierinients 
where a subject, thinking the secondar>' ^nH.iti<Hi had extuuMevI 
its recurrences, or was u**X to a{)|iear at all. had liegini t<» reci>ril 
his intnks|)ection when the after-sensatii*n ap|ieared with such 
\ividness as instantiv to call liack the attenti«>n to t)ie stimulate*! 
area 



III. EXPERIMENTATION 

No attempt was made to make this investigation an exactly 
quantitative one, for the reasons given below, but rather a 
comparison was sought of the relative strength and frequency 
of the after-sensation in various fields, and of the relative pre- 
ponderance of primary or secondary after-sensations. 

METHOD OF INVESTIGATION. 

Six subjects, three men and three women, were used for these 
experiments, all of whom were graduate students in psychology 
and competent introspectionists. 

The experiments were carried on during a period of ten 
months, each sitting not exceeding half an hour in duration in 
order to avoid fatigue. The number of stimulations given at a 
sitting varied with the kind of stimuli in use and with the 
individual subject, as it was essential that the after-effect of 
previous stimulation should be completely dissipated before the 
next was given, and the relative persistence of the same varied 
with the two factors just mentioned. More than ten experiments 
were never given in a series and at times the number of tests was 
as low as three. During each sitting the subject signified the 
progress of the experiment by a series of prearranged words or 
movements — the record of which was taken down by the oper- 
ator with the aid of a split second stop-watch. After each test, 
the subject gave a full introspective report of the entire process 
which was transcribed verbatim. The majority of the tests were 
given on the hands and forearms. The arm rested comfortably 
on a cushioned table and the temperature of the room was kept 
as nearly as possible normal. 

Eleven forms of stimulation were used, — Areal pressure (con- 
tact), punctiform pressure (contact), radiant heat (no contact), 
areal heat (contact), punctiform heat (contact), eJectrically 
stimulated punctiform heat, radiant cold (no contact), areal cold 
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(contact), punctiform cold (contact), electrically stimulated 
punctiform cold, punctiform pain (pricking). 

The technique employed for each form of stimulation was as 
follows : 

I. Areal Presswe. Rounded cork points i/8 and 1/4 in. in 
diameter, thermally neutral, applied carefully by hand, with a 
varying velocity and an intensity ranging from approximately 
20-200 gr. for intervals of time varying from i-io". 

II. Puftctiform Pressure, Rounded wooden points 1/32 in. in 
diameter, and von Frey's "pressure hairs". These were applied, 
in the usual way, upon pressure spots which had been located 
and marked several days previous. 

III. Radiant Heat. Brass "temperature cylinders," 6 cm. long 
and J^ cm. in diameter, were heated 3-5' in a Bimsen 
burner, and brought as close as possiblexto the skin without 
touching it. Metal discs warmed to "red heat" were also used 
in the same manner. 

IV. Areal Heat. Temperature cylinders of III, heated until 
the metal is distinctly but not unpleasantly warm to the touch, 
and applied to the skin with as little pressure as possible. These 
were removed as soon as a clear sensation of warmth was felt 

V. Punctiform Heat. Brass temperature cylinders, i mm. in 
diameter, heated and applied as in IV, to "hot spots" located 
and marked several days previous. The cylinders were removed 
when a clear sensation of warmth was felt. 

VI. ''Electric Heat." "Hot spots" were located by temperature 
cylinders, these were marked and after a 24-hr. interval were 
stimulated by means of the Du Bois-Raymond induction coil, a 
copper wire, i mm. in diameter being used for a stimulation- 
point. The shock was graduated to avoid undue muscular 
twitching. 

VII. Radiant Cold. Temperature cylinders, cooled for 10-30' 
in ice and salt were approached close to the skin. A metal 
tube 3 in. in diameter, having a base of sheet rubber was 
filled with finely chopped ice and salt and used in the same way. 
These were removed as soon as the coldness was sensed. 

VIII. Areal Cold. Temperature cylinders and a metal disc i 
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in. in diameter were cooled as in VII. These were carefully 
wiped dry and applied to the skin with as little pressure as possi- 
ble. They were removed as soon as the cold was clearly felt. 

IX. Punctiform Cold. Same method used as with punctiform 
heat. Cylinders cooled as in VII. 

X. '^Electric Cold.*' Same method used as in VI. 

XI. Pufictiform Pain. Pain spots were located and marked, 
a 24-hr. interval was allowed and then they were stimulated by 
sharpened hog bristles and fine needle points. 

Under each of three type headings, three sets of tables are 
given which will attempt to state the results obtained in (A) 
Numerical, (B) Quantitative, and (C) Qualitative form. 

The Numerical table (A) shows in every case, ( i ) the number 
of stimulations given, (2) the number of primary, and (3) the 
number of secondary after-sensations obtained. (4) Shows the 
number of cases where the primary sensations appeared alone, 
i.e. unsucceeded by a secondary, (5) the cases where the primary 
sensation ceased with, or during, the stimulus so that the second- 
arj- sensation made its appearance after a latent interval unpre- 
ceded by a primary sensation. (6) Shows the numl)er of latent 
intervals, i.e. clear sensationless pauses which precede the sec- 
ondary sensation. (7) Indicates the number of times the 
secondarv sensation recurred more than once. It is not intended 
to indicate the actual number of recurrences. (8) Records the 
number of times when after-sensations failed to appear, i.e. where 
the sensation disappeared with or during the stimuKis and did 
not recur. (9) Shows the percentage of primary, and (10) of 
secondar>' after-sensations obtained from the total number of 
stimulations. 

Table B, is intended to show in a general way the quantitative 
ineasurements of the primary- and secondary sensations an<l of 
the latent inter\'al. As was earlier stated, it was found imprac- 
ticable, if not impossible, to give any exact measurements as to 
the duration of these phenomena. The primar>' after-sensation 
^•as found the most easy to gauge introspectively. and the nvmient 
of cessation of the secondarv could !)e indicated without much 
difficulty. The moment of a()pearance of the secondary sensa- 
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tion, however, and in consequence the moment of departure of 
the latent interval, was in many cases tremendously difficult of 
analysis, because this sensation appeared so gradually and was, 
at that moment, so easily to be confused with the general sensa- 
tions present over the whole area. It has seemed best, therefore, 
to include in this table only those cases where the secondary 
sensation "appeared suddenly", "welled up", or "blazed out" in 
its full intensity. The stop-watch method is admittedly inexact, 
especially in comparison with the apparatus used by Goldscheider 
and Thunberg, but in view of the fact that (i) the measurable 
cases comprised less than a third of the total number of secondary 
sensations obtained; (2) that any slight noise, such as that of a 
kymograph, was found to be very distracting, and (3) most 
especially in consideration of the fact that our object was to 
obtain a comparative record of the relative persistence and in- 
tensity of the different types, rather than exact figures on any 
one, and, since this method was identical in all cases, it amply 
served that purpose and any further elaboration seemed 
unnecessary. 

It has seemed in fact that this is not a field where quantitative 
measurement is at present possible. Considering first the stimu- 
lus — its objective strength may be carefully equated in each 
experiment but the relative sensitivity of different areas, even of 
the same general region, would cause its subjective perception 
to vary in a manner incalculable in physical units. Or if, as 
has been done, the same spot is used in every case, the well known 
rapid fatigue of the cutaneous sense organs would have the 
same effect before enough tests were taken to g^ve any quantita- 
tive certainty. The duration of the stimulus, likewise, will vary 
subjectively, for the difference in the apperception-time of the 
different skin areas would serve in some cases to alter an objec- 
tively equal time of stimulation. In the matter of the primary 
after-sensation, the moment of beginning is arbitrarily fixed by 
the removal of the stimulus, but in those cases where the sensa- 
tion fades out gradually its actual intensity at the moment of 
passing below the threshold does not always coincide with the 
intensity of the secondary sensation at the moment of its emer- 
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E;ence, because, we have in one case a series descending to a 
conscious limen and in the other case one ascending to the same 
hmen from below ; and the threshold in the first case would be 
lower. The moment of ending of the latent interval and in conse- 
quence the moment of appearance of the secondary sensation is 
likewise questionable. For the intensity with which the second- 
ary sensation returns is widely variable, so that the time of apper- 
ception of an after-sensation would follow the same laws as the 
apperception of a sensation, i.e. would vary with the intensity of 
the same, — at least throughout the range with which we are 
dealing here. 

The figures given in the quantitative table are all subject to 
these objections and are therefore to be regarded as general in- 
dications rather than exact measurements of the phenomena in 
question. It has seemed best to group the durations of the after- 
sensations under the heading "very brief'*, i.e. under 2", ''brief", 
ie. 2-15", "moderate", 15-60", and "long" over 60"; and to tabu- 
late the latent periods as "short", i.e. under i", "moderate" 1-30", 
and **long" over 30". 

Table C deals with the qualitative nature of the after-phe- 
nomena. ( I ) Indicates simply the quality of the secondary sen- 
sation. (2) Records the changes in quality which may occur. 
(3) Shows the intensity of the after-sensation and, (4) its local- 
ization or change in location, (5) Indicates the manner of ap- 
pearance of the secondary sensation and, (6) the manner of 
disai>pearance of. (a) the primary and (b) the secondary 
after-sensation. 

In the accompanying inserts there is given the rei>ort of each 
individual subject obtained by each form of stimulation used. 
These. like the combined tables, are grouped under the headings 
Numerical. Quantitative and Qualitative. 

Supplementary to our main experiments a limite<l Tiumber of 
c-thers were made as follows : ( i ) Experiments in which corneal 
pain was the stimulus and the author the sole reagent. (2) Ex- 
periments in which a linear pressure stimulus was contrasted with 
that of a pressing point moving over a space equal to that of 
the linear extent (3 subjects ser\'ed here). (3) Ex|)eriments in 
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which subjects were tested with the stimuli of heat, cold, and 
pressure on skin areas anaesthetised by ethyl chloride. 
(4) Experiments in which an attempt was made to reproduce 
Goldscheider's conditions (Cf. Historical Statement) of electrical 
stimulation (2 subjects were here used). Descriptions of the 
technique employed in these tests are g^ven on pp. 65, 72-73, 74- 
78, and 84-86 respectively. 

DIGEST OF COMBINED RESULTS. 

By reducing the individual data (cf. Individual Tables) to 
general percentages we obtain the tables which follow : 

Ai Combined Numerical Tables, 

TABLE I. 

PERCENTAGE OF AFTER-SENSATIONS. (PRIMARY AND SECONDARY.) 

Areal Cold 94-8% 

Punctiform Pain 93-5% 

Areal Heat 89.3% 

Areal Pressure 884% 

Punctiform Cold 84.7% 

Punctiform Pressure 79-3% 

Punctiform Heat 79-3% 

Radiant Heat 74-5% 

Radiant Cold 67.9% 

Electric Cold 593% 

Electric Heat 58.3% 

Such a table seems to indicate — (i ) that after-sensations result 
from the given stimuli in the following order of frequency, — 
areal cold, punctiform pain, areal heat, areal pressure, punctiform 
cold, punctiform heat and pressure, radiant heat, radiant cold, 
electric cold, and electric heat; (2) that when punctiform and 
areal forms of the same stimulus are given, the areal is more 
productive of after-sensations; (3) that with temperature stimuli 
the contact method is more reliable than the radiate or electric; 
(4) that the order is cold, heat, pressure for both punctiform and 
areal stimulations and that the percentage difference between cold 
and heat is greater than that between heat and pressure in both 
cases : (5) that radiant heat is the only case where a heat stimulus 
is more effective than a cold of the same type. 
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TABLE II. 

rCXCF.NTAGC OF PKIMASY AFTCS-SKIfgATIONS. 

Arcal Cold 9^7% 

Areal Heat 86 % 

Puncdform Pain 85^% 

Areal Pressure 82^% 

Punctiform Cold 80.6% 

Radiant Heat 76.6% 

Punctiform Heat 74-1% 

Punctiform Pressure 73-^% 

Radiant Cold 679% 

Electric Cold 5M% 

Electric Heat 58.3% 

( I ) For primary after-sensations the order of precedence is, — 
;ircal cold, areal heat, punctiform pain, areal pressure, punctiform 
cold, radiant heat, punctiform heat, punctiform pressure, radiant 
cold, electric cold, electric heat. This arrangement is identical 
with that of the first table with the exception of radiant heat, 
which is here g^ven a higher percentage than punctiform heat and 
pressure. (2) The order cold, heat, pressure, with the greater 
inter\'al lying between cold and heat, holds true for both areal 
;^nd punctiform stimulations. (3) Areal forms are likewise more 
suited than punctiform to the production of primar>' after-sensa- 
tions but (4) punctifomi heat by giving a lesser percentage than 
radiant is an exception to the rule that contact stimuli are more 
favorable than radiant or electric, but the difference is very slight. 
(5) Radiant heat is the only case where a heat stimulus is 
more effective than a cold of the same type, but the greater 
radiate energ>' of this form of stimulus may account for this 
discrepancy. (6) As to the actual figures it will be seen that the 
percentages of primary after-sensations of the different stimuli 
correspond very closely to those of Table I. The greatest diver- 
gence is in the case of punctiform pain and punctiform pressure. 

This table is to be compared with one showing the (lercentages 
of Secondar)' After- Sensations. 

T.^BLE III. 

FFRCFNTACE Of SFCO.VDAKY AFTEK-SENSATIONS. 

Punctiform Pain 73^% 



% 



Areal Cold 71 .9 

Radiant Cold 70^% 
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Areal Heat 6S4% 

Punctiform Cold 639% 

Punctiform Heat toj% 

ArcAl Prrtturc 54-^% 

Punctiform PrcMure 4/-^% 

Electric Cold 407% 

Electric Heat 375% 

Radiant Heat 34 % 

M ) In thi> tal>Ie the order standj^ — |ninctifonn fnin. arcal cold, 
railiant Cf>ld, arcal heat, ininctifonn cold, (nincttfomi heat, area! 
|>rcssiirr. |ninctifonn pressure, electric cold, electric heat, radi* 
ant heat. This differs from the first two in K'^*'"K piinctilorni 
|Mni a greater iM-rcenta^c than areal cold and in making; Uith 
forms of ci»ntact teni|)eratiire stimuli more effective than areal 
I rcNsure. ij) Areal forms are in ever\' case more suital»le than 
punctifonn. aithouf^ii the difference hetween them is less than with 
the primar\'. (3) d>ld stinnili are more effective than similar 
heat stimuli, and (4) the f»rder ct»l<l. heat, pressure is true t«*r 
Uith iHinctiform anil areal stimulations although the k^^a^^'' >"' 
terval here lies hetween heal and pressure. { 3 ) The figures in 
lhi«* talile sh«»w a marked lesseninj; fn»m those of the primary 
after-sensations. Numerically they are <»n an average aU»ut a 
third less. — that is to s.iv. f«»r cvcrv case where a sec»*ndarv after- 
sensation was <ihtamed there were appr(»ximaiely tWM instances 
of primary after-sensations. A table of the relative pre|>»»nder- 
ance of primarj* over secondary' is fjiven ljel<»w in descending; 
c»rder. 

TAIU.E IV 

INK Bii «Ti\t rair^isiifffe^ML nr rmiii%fev mta srinxrAtY aftu »cKiAno»t 

kjiltant Hra! u^*'** 

Areal Prr%iure >t'»'r 

Punciiforin PreMure J^4'« 



.Xrral 1 *»!•! 
\rra' Hrjt 
Hotru Mrat 



jj ^'V 

^14*^ 

Klrxtr:. i A iHf/^ 

Punvnf ffti I . !i! i^r*^ 

Pun.tif rm Hrat liK^X 

PunctiTrni Pam .. 114% 
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This table indicates that — (i) areal stimulations in every case 
show a greater preiwnderance of primary over secondary sensa- 
tions than do the punctiform and electric stimulations of the same 
type, and that (2) radiant heat shows this preponderance much 
more strongly than any of the other forms. 

The presence of a clear latent interval preceding the appearance 
of the returning sensation was, it will be remembered, only present 
in certain cases, its place being taken in the remainder by a 
considerable diminishing of the primary after-sensation. 

TABLE V. 

PFJiCF.NTAGF. OF LATENT INTFRVALS. 

Areal Pressure j8.3% 

Punctiform Pressure 30.2% 

Punctiform Pain 29.5% 

Punctiform Heat 27.6% 

Punctiform Cold 25 % 

Areal Heat 16 % 

Areal Cold 1 1.5% 

Radiant Heat 8.5% 

Electric Heat 8.3% 

Electric Cold 7.4% 

Radiant Cold o % 

This table shows rather a reversal of previous conditions in 
that ; ( I ) pressure and pain stimuli seem most favorable for this 
type of response; (2) heat, in all its forms, is more effective than 
cold and that: (3) with the temperature stimuli, although such 
is not the case with pressure, punctiform stimuli give better 
results than areal. 

TABLE VI. 

PERCENT AGE OF SECONDARY AFTER-SENSATIONS ALONE. 

Punctiform Pain 8.2% 

Punctiform Heat 5.2**^ 

Areal Pressure 5.2% 

Punctiform Cold 4.2^ 

Areal Heat 2.7^0 

Areal Cold 2.1^0 

Punctiform Pressure 1.9% 

Radiant Heat 0% 

Electric Heat o r« 

Radiant Cold o 'r 

Electric Cold o % 
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( I ) The order of preponderance in this table is not unlike that 
in the preceding, punctiform pain being here given first place and 
the pressure stimuli, especially punctiform pressure, being ranked 
lower down. As in table V (2) heat appears more effective than 
cold and (3) again with the exception of pressure, the puncti- 
form stimuli are more favorable than the areal. (4) Neither 
radiant nor electric stimuli produced a secondary sensation un< 
accompanied by a primary. (Table V shows the percentage of 
latent intervals obtained by these stimuli to be very small. ) 

TABLE VII. 

PERCENTAGE OF RICUMENT SECONDAXY AFRl-SENSATIONS. 

Punctiform Cold ^4% 

Punctiform Heat 13.8% 

Punctiform Pain 13.1% 

Punctiform Pressure ii-3% 

Radiant Heat &5% 

Electric Heat ^3% 

Areal Pressure 7.5% 

Radiant Cold 7.5% 

Electric Cold 74% 

Areal Cold 7.3% 

Areal Heat 4 % 

From this it is to be seen : ( i ) that pimctif orm stimuli give the 
best results — cold being especially favorable — although (2) the 
other forms of contact temperature stimuli, i.e. areal, were found 
less effective than radiate and electric,- — areal heat giving a strik- 
ingly low percentage. 

The last table in this series gives the percentagfes of primary 
after-sensations unaccompanied by secondary; it is to be com- 
pared with table II. 

TABLE VIII. 

PERCENTAGE OF PRIMARY AFTER-SENSATIONS ALONE. 

Radiant Heat 384% 

Areal Pressure 334% 

Punctiform Pressure 28.3% 

Areal Heat :i2.7% 

Areal Cold 3i,S% 

Electric Heat 90.8% 

Punctiform Cold ao.8% 

Punctiform Pain 19*7% 
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Punctiform Heat 19 % 

Radiant Cold 18.9% 

Electric Cold 18.6% 

(i) This follows the general rule of table I in having areal 
stimuli more effective than punctiform but otherwise differs from 
it (2) Heat and pressure, except for the punctiform types, are 
more suitable than cold, — radiant heat being preeminently favor- 
*We. (3) Punctiform pain gives a relatively low percentage. 

B, Combvied Quantitatiz*c Tables, 

The following tables contain percentages of the quantitative 
measurements. These are submitted with some hesitation, be- 
cause, for the reasons earlier given, the figures represent but a 
small part of the total results (pp. 37-39). 



TABLE IX. 

PCtCENTAGE OF THE DURATIONS OF PRIMARY AFTER- SENSATIONS. 



Areal Pressure 

Pnnctifonn Pressure. 

Radiant Heat 

Areal Heat 

Punctiform Heat 

Electric Heat 

Radiant Cold 

Areal Cold 

Punctiform Cold 

Electric Cold 

Punctiform Pain 



1 VERY BRIEF 


BRIEF 


('2') 


(^15") 


137% 


273% 


17-2% 


24.l7c 


4.3% 


304% 


377c 


11.1% 


4.2% 


20»7r 


^ 


4^'.87r 


7c 


40 7c 


6.2% 


H.37r 


8.1% 


10.8% 


re 


33.3'"<^ 


7c 


lQ.4^r 



MODERATE 


LONG 


(15-60-) 


(6o-'-f) 


454% 


13.7% 


31 % 


27.6% 


43.5% 


21.7% 


XV3% 


51.8% 


37.5% 


37.5% 


% 


57.1% 


40 % 


20 % 


33.37r 


S2.l7r 


40.5'^r 


40.5% 


4177c 


25 % 


30.5'^r 


50 % 



The question at once arises whether those stimuli most suited 
to tlie pnxluction of primary after-sensations give also the great- 
est percentage of "long' or at least "moderate" durations: and 
friim a conifwrison of this table with Table II this is shown, in 
general, to be the case. Areal pressure, it is true, is here given 
only i3.8Vr of "long" durations but the percentage of "moderate" 
is ver>- large. This is true likewise for radiant heat. Electric 
heat is alsf) ranked alx)ve its place in the numerical table but in 
this case there are no sensations of ''moderate" length so 579?. 
represents all the after-sensations which endured beyond 15". 
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From such a table it is seen that : ( i ) Pressure is the only 
stimulus which calls out a form of almost instantaneous after- 
sensation, i.e. "very brief*'; (2) Pain stimuli give almost equal 
proportions of brief, moderate and long after-sensations; (3) 
Cold gives by far the greatest proportion of long after-sensations 
and none at all under i^'\ and as regards this duration it is a 
matter of indifference whether the areal or punctiform method 
be used; and (4) with punctiform heat stimuli all the after-sensa- 
tions are long or moderate and with arcal heat 80% of them. 
Comparing this table with the numerical table of secondary after- 
srnsations we see very little similarity between the stimuli most 
frequently producing after-sensations and those pving the longest 
durations. It may be said, however, that cold ranks above heat 
in order of their duration and both above pressiu*e. Comparing 
this table with the table of latent intervals it can be seen : ( i ) that 
the pressure stimuli which give the greatest proportion of brief 
after-sensations give also the least proportion of long latent 
inter\'als; (2) that one third of the latent intervals from i>ain 
stimuli are short as are also one third of its after-sensations; (3) 
that the combined forms of contact cold give a greater proportion 
of long intervals than do the combined heat contact stimuli — a 
comparison which agrees with the proportion of long after-sensa- 
tions of these two ; and (4) that areal heat gives a greater propor- 
tion of both short latent intervals and brief after-sensations than 
does punctiform heat. 

C. Combined QuaJitative Results, 

These results are by far the most difficult to interpret involving 
as they do peculiarities both of individual expression and response. 
Some subjects, for example, might call a sensation **prickling" 
which another would designate "tingling", while the variations in 
skin thickness, etc., of different subjects may cause an actual dif- 
ference in sensation with the more delicate stimuli. 

TABLE XII. 
poce5(tagc or the qualities op seco.n'dary afteb- sensations. 
Abeal Pbessi'ee. 

Dull pressure 44-69^; prickly 5.9%: throbbing 5.Q^ : tinglinR 13.1*;?^; 
tickling irQ^r ; deep tendinous feeling 1.2%; contact + pressure 1.2%; 
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strain 1.2%; soft elastic feeling 24%; stinging 1.8%; sharpness 3-6%; 

callous spot feeling i.a%; cold .6%; cool .6%; cool tickling 24%; 

warmth 1.8%. 

PuNCTiFORM Pressure. 

Pressure 44% ; cold and pressure 8% ; prickinb 12% ; pain prickle 8% ; 

sharpness 8%; painful itching 8%; pressure and soreness 4%; throbbing 

4% ; pressure and pain 4%. 

Radiant Heat. 

Warm 25% ; hot 187% ; neutral indescribable sensation 12.5% ; indefinite 

tingling 6.2% ; slight warmth and smarting 12.5% ; peculiar pain and 

throbbing 12.5%; cool 12.5%. 

Areal Heat. 

Pure warmth 34.6%; smarting 16.3%; tingle 6.1%; prickling 4.1%; 

cool menthol feeling 6.1%; hot, burning 8.2%; heat and touch 8.2%; 

pressure and smarting warmth 10.2% ; cold 4% ; cool 2%. 

PuNCTiFORM Heat. 

Gear distinct warmth 28.5%; faint warmth 17.1%; almost a bum 

143%; painfully warm, burning 11.5%; burning feeling of menthol 

2.9%; warm pressure 114%; warm prickling 5.7%; large diffuse pain 

2.0% ; tingling 2.9% ; prickling 2.9%. 

Electric Heat. 

Warm 33.3%; hot 11.1%; sort of burning sensation 33.3%; smarting, 

biting 11.1%; cold 11.1%. 

Radiant Cold. 

Clear cold 16.7% ; cool 70.8% ; rheumatic pain 8.3% ; warm 4^%. 

Areal Cold. 

Vivid cold identical with stimulus 52.9%; cool subcutaneous vapor 

1.5%; cool 44%; burning cold 44%; cold and pressure 7.3%; cold and 

wet 5.8% ; cold and contact 10.3% ; pressure 1.5% ; tingle and throb with 

pressure 1.5%; tickle 44%; wet and heavy 1.5%; moist, no pressure 

1.5%; tingling i.s%: warm !.«;%. 

PuNcnF(MiM Cold. 

Pure cold 60.9%; burning cold 2.2%; cold and pressure 2.2%; cold 

and touch 6.5%; cold and wet 6.5%; cold tingle 2.2%; cool wave 

2.2%; cool itching pain 2.2%; faint rheumatic pain 2.2%; pricking 

2.2% ; stinging 43% ; tingle 6.5%. 

Electric Cold. 

Cold 81.8%; cool tingle 9.1%; pricking pain 9.1%. 

PuNCTiFORM Pain. 

Pure, clear pain 51.1%; somewhat painful 2.2%; pain and pressure 

8.9% ; sharp contact 44% ; sharp beating 44% ; perhaps painful pressure 

44%; pricking and throbbing 8.9%; general ache 11.1%; pressure with 

tingle 2,2%; pressure with ache 2.2%, 

Such a table clearly indicates, that every form of stimulus used 
gives a much greater proportion of secondary after-sensations 
qualitatively similar to the stimulus than differing from it. It can 
be seen too, that this is more evident with punctiform than with 
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areal forms of the same stimulus, punctiform heat being especially 
noticeable. The electric forms of stimuli as well as radiant cold 
seem to be especially favorable to this identical reproduction. 
Pressure stimuli produce a qualitatively different after-sensation 
more frequently than do temperature. 

TABLE XIII. 

rEtCBSTAGE OF CHANGES IN THE Ql'ALITV OP SECONDARY AFTER- SENSATIONS. 

Ahii^L Pressure. 

Pressure ends in tickling 24%; cutaneous feeling changes to tendin- 
ous strain .6% ; pressure changes to tingling and beating .6% ; pressure 
changes to indescribable quality 1.2%; delicate pressure changes to 
pressure + sting .69^^; pressure changes to warmth 1.2%: pressure ends 
in tickling .6% ; pressure changes to C(X>1 .6% ; alternate pressure and 
contact .6%; dull pressure, to cool, to pressure .6%. 
PrNcnpoRM Pressure. 

Pressure changes to sharpness 4% ; pressure changes to pain 4% ; 
cold and pressure, cold goes leaving pressure 4% ; cold and pressure, 
pressure goes then a return like the original 4%. 
Radiant Heat. 

Returned cold 12.5%. 
AttAL Hpat. 

First return pressure then warm then cold 2%; cold returns &2%; 
cool returns 4.1%; pressure then warm then cold 2%; warm changes 
to throbbing 2^ ; pressure and heat then only heat 2% ; returns cold 
then warm then cool 2%; neutral primary sensation is burning in sec- 
ondary 2%. 

PfNCTIFOBM HkAT. 

Prickly feeling to menthol feeling 2.99^ ; menthol feeling to warmth 
2.9^; pain to warm pricking 2.9%. 
Euctkic Heat. 

Cold returns Ii.i9^. 
Rama NT Cold. 

Returns warm 42%. 
Areal Cold. 

Cold and touch, touch goes cold remains 1.5% ; first return cold and 
contact, recurrences are pure cold i.59r ; stimulus pressure and cold only 
cold in after-sensation 5.8^1 ; first recall pressure, second cold, third 
pressure 1.5*?^ ; returns warm 1.5%. 
PuNcnroRM Cold. 

Cold tingle changes to pure cold 2.2%. 
Electric Cold. 

Returns warm, then cold then warm qTc ; cold, then a pulse of pain 9%. 
PfNcnfURM Pain. 

Pain and pressure changes to pressure alone then pain alone 2.2%; 
pain to contact 2 2^t ; pain to pressure 2JI% ; sharp pressure to sharp 
pain 2.2% ; pain settles into ache 4.4% ; paia and pressure, pain fluctuates 
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while pressure stays constant 2.J*!x ; ache, with periods of prickhng 2J% ; 
throbbing and pressure alternate J i'^ ; two pressure returns then pres- 
sure T- ttiiKle JJ*^ ; first return pain, second an ache 2.J*^ ; primary 
aiterirnsatiiin is ct>ldi»h. «cciintUr\ (inly pain JJ'I ; stimulus only touch 
stinieinK p*iin in the after-»rnMti<*n j j*\ ; touch and pain alternate 6?*^ 
return pm^ure and pain jj'% ; primary is pain and pressure, secondary 
(»nly pain jj'a ; t'lrst return sharp pain, sccimd. pressure JJ*^. 

It is cviilciit that xx*<ni«lary sciiNati^ins nuty tnakt' thnr appear- 
QHiC i-han);c«l in (|iiality. i. c. «litTcreiit fn»tii the priinar)'. or the 
chanjjc may inmc in siHnc one <»f the siiccee«linjj recurrence'* or 
^^ain. they may change qnahtatively (hiring: their continuance. 
Tile M^-calleil "contrarv after-sensations", i. e. heat Xn cuM an*! 
\ice versa, never maile their a|>|)earance in this third manner, 
although there were ca<<s where pressure changed f^radually to 
warm and to inld. and where heat chan)^e<i into contact, and ci»M 
into jiain The relative proimrtion of c|uality chanj^es which \*^M 
place in this manner, i e. by a gradual shading of one ^nsation 
into another, ^tand in the following oriler : ]nnu'tifonn pressure 
ij'f . punctifonn heat ii7»'r . pmutifonn |Kitn ii'r. areal pres- 
sure S 4S' . punctifonn cold 2.2^'* . areal heat 2\'* . and areal cold 
1.5'J . I*>'»m uhich It ap|iears. that |mnctiiorm stinnili are more 
suitahle than areal and that the order is pressure, heat. coM for 
h>th areal and punctiform stimuli. Klectric and radiate stimuli 
show ni» chani^es of this ty|ie. This tal»le also shows tluit heat 
jjixes a irreatrr percentajje of contrary after-sensations than cold 
— .Vi^'' a** against 14 7'I No contrary after-*iensati*»ns were 
ohtained with eitlier |nmctifonii heat or |»tinctiform cild. 

TMU.K XIV. 

rraiTNT^'j ».r TMi ismsmtt** i»r Mii»xii'«t\ *rTf»-*rs*%TV»*' • 

Aar 4L INi««t ar 

Ki;nt 4-'.)'^ : m« titrate |6 i**; . hafif and vi\id Ji>j'« : stronger than 

%|:mulu% \2 <'« 

Pi \( Ttr««ii l*«i««i ir 

MiM iV' . distinct ij'^ ; «tr"ng. intente 44*^ . f<]ual to ftimu!us jo% 
R«CM^r Wtst 

MiM uf\ ; n*>t inimte Ji J*^ . mfmir and definite iHr'I 
.\tr %L \U «r. 

}-air.!. m:*! jr'< : nv-leratrlT intrn*e .*•* 4*^ . strrinc. intense 184%; 
\fry d'.«t:rct 1^4*^ . stri-ngrr than ttimulut 4'« 
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PuNCTiFORM Heat. 

Faint, mild 34.3% ; moderately strong 25-7% ; strong 257% ; very in- 
tense 57%; painfully warm 579^ ; strong as stimulus 2.99^. 
Electuc Heat. 

Mild 11.1%; quite strong 33.3^/c ; moderate 22.2%; intense 11.1%; very 
intense 22a%. 
Radiant Cold. 

Faint 62.5^ ; moderate 25%; detinite 4.29^ : strong S,3^c. 
AiEAL Colo. 

Mild 7.3% ; less distinct 2.9% ; moderate 4.4';^t ; intense ^.H^'c ; strong as 
stimulus 7.3V( ; very intense ii.87r; stronger than stimulus 7.3^. 
Pi'XCTiFORM Cold. 

Faint, mild 28.3% ; moderate 2.2*Ji ; strong, distinct 56.57c ; strong as 
stimulus 4.3% ; very intense 8.7^. 
ELEcrmic Cold. 

Mild 18.2% ; moderate 27.3^ ; very clear 45.4^^* ; intense 9%. 
Pi'SCTiFORM Pain. 

Faint 31.1%; strong 33.3%; steady 4.49« ; less intense, moderate 8.8%; 
strong as stimulus 6.7%; intense 15.6%. 

Adopting a purely arbitrary method of gradation, i. e. counting 
the response ** faint** as i, "moderate" as 2 etc.. and with the 
assistance of the introspective comparisons of our subjects we 
find the after-sensations taking the following order according 
to their respective intensities, — areal cold, punctiform cold, 
punctifomi pressure, punctifonn pain, areal pressure, areal heat, 
electric heat, punctiform heat, electric cold, radiate heat and 
radiate cold. It therefore appears that areal and punctiform 
iold after-sensations are more intense than warm, and that areal 
stimuli give stronger after-sensations than punctiform except in 
the case of pressure. 

T.\BLE XV. 

PUtlTNTAOE OF THE LOCALIZATIONS OF SECONDARY AFTF.R- SENSATIONS. 
.AlEAL PRF.SSt'RE. 

Diffuse or spread 50.695: ; massive and unlocalized 3.6^ ; sharply local- 
ized 31.1%: limited to a definite area 3.6^^; localized as Vj size of the 
stimulus 1.2^? ; hole with pressure around it .6*^ ; diffuse and comes to 
a point 2.4% ; seems to go im 2.4% ; moves 24$^ ; moves then jumps back 
to stimulated spot .6%; goes to spots previously stimulated .6^. 
PCNCTirORM Pressl'rf^ 

Diffuse, unlocalized. spread 36% ; areal i67c ; localized 48%. 
Radiant Heat. 

Unlocalized. diffuse, spread 56.2%; wrongly localized i2.s'^« ; well linral- 
ized 2$% ; localized suticutaneously 6.2%. 
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AiiiCAL Hkat. 

Diffuic» iprtad 95*i%; iprcad bttt generally localixed tB.4%; dUtinctly 
lociilixe<l 184%; % in. circle a%; dot-like area 4%; cliangei ponition 4%. 
PuNcnroMM Hkat. 

Diffufte and ipread «if.4%i areal 10%: well localiied and punctiform 
4o9('; Npread to other arran J.g%i goes in deep 5.7%. 
KucTMic Hkat. 

Unlocalixed, ipread 44'4%i whole arm warm 11.1%; htat radlatca ofT 
from Ntimulated ipoti 11.1%; areal it.i%; localixed 33^1%. 
Raima NT (.'ot.n. 

DlfTuHe, unlocalixed 87.5%; cool brrexe over that region 4'2i%# apread 
to elbow Joint 4.J% ; localixed 4.J%. 
AkKAi. Cou). 

DifTuKr, npread 38.4%; heat radiated from touch ipot x.5%; not ai 
localixed an premure J.g%; npread following artery t.5%; movea a.0%; 
gocH down like a cone with Itn bane im ikin 1.5%; not a« deep an premure 
but not on the ikin 1.5%; clearly localixed f^fv, 
I'UN(TiroaM (!oM». 

DifTuHC, npread jH.i%; wrongly localixed 6.5%; becomen two pointn 
^>^%\ gocN in deep 4.3%; whole arm cold ia%\ area 6.5%; areal com- 
ing to a point a.a%; punctiformly localised 45.6%. 
EMu:rMK: Cou), 

Diffuse 27,0V \ cold radiating ofT from a npot 0%; nharply localixed 
54*5%; can't tell 9%. 
PuNCTiKoMM Pain. 

Diffune, ipread 33.3%; areal a.a%; clearly localixed 64.4%. 

Vnnw thin tabic it ia hccu that inmctiform pain ((iven the 
fjTcatcHt |)cr cctit of clearly localised aftcr-HenaatiotiH, and, that 
the percentage of clear localisation (lecreanen and that of difTttHc- 
ne.HH and apreaditiff increaaea in the followini; order: electric cold, 
punctifonn cold, punctifortn prexaure and areal cold (alnumt 
identical), punctifonn heat, electric heat, areal preanure, areal 
heat, radiant heat and radiant cold. It in therefore evident that 
punctifonn Htimuli ffive more clearly localixed after-aennationH 
than areal and that with the exception of the radiant form, cold 
in more eaaily located than heat. 

TAHLR XVT. 

nCMCKNTAOK OT TtfK MANNKM OK AM^KAMANCK OK NKCONDAKY Ama-aKNaATIONa. 

Amkal PMKaatfKK. 

"WclU up" H.4% (nuddenly x(i%) \ increanen gradually aj.i%; eomed 
crencendo an a puUaticm from within 3%; cornea luddenly t%,x%\ comen 
gradually tingling and beating 3.6%; comei from within, i. e. no contact 
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67r ; comes like a twinKe 3.6%: in waves 67< ; waves from within iJ^%; 
comes up more quickly than dies down 1.2%: diffuse and coming to a 
point 2^% ; returns on a full pulsation 3^ ; can't be sure 10.8% ; comes 
from within in connection with the pulsation 3%. 
PuNCTiFORM Pressure. 

Suddenly s^*Jr ; quite sudden 4% ; gradually 44% ; came from below in 
a quick throb 4% ; impossible to tell 16%. 
Radiant Heat. 

Comes suddenly 6.2%; "wells up" slowly 31.2%; gradual return 2$*^; 
comes in waves 25%; impossible to tell 12.5%. 
Arcal Heat. 

Suddenly 14.3%; slowly, gradually 57.1% ; comes in waves 18.4%; comes 
in streaks 8.2% ; moderately gradual 2%. 

Pl* .N* CTI for M 1 \ EAT. 

Suddenly, quickly 314%; quite suddenly 2.8%; "wells up* 57%; gradu- 
ally, slowly (jo7c. 
Electric He.\t. 

Comes suddenly 55.5% ; gradually 444%* 
Radiant Cold. 

In markedly recurrent waves 75%; gradually 2oS% : a cool breeze com- 
ing tt» a point from all directions 4.2%. 
Areal Cold. 

Suddenly 38.2%; slowly, gradually 44.1%: in gradual waves 7.^^€ ; 
comes from below 4.4%; primary sensation spread and came to a head 
at the stimulated point 2.9%; in waves 2.9%. 
Pin CTI FORM Cold. 

Suddenly 348% ; slowly, gradually 30.4*;^ ; areal coming to a point 
4^rf ; in waves or pulses 15.2%; pulsates with the breathing 4-3%; comes 
m throbs (hS7< ; impossible to tell 4.39^ • 
Electric Cold. 

Gradually 45 495- ; suddenly 54-57« . 
PiNCTiFiJRM Pain. 

Slowly, gradually 42.2% ; suddenly, quickly 42.2% : in quick beats 2.2% ; 
in irregular short jabs 6.77! ; throbs with the pulse 4~|%; uncertain 2.2^t. 

The only Iwsis for a conii)arison of the different stimuli here 
is with reKanl to the abruptness of a|>i)earance of the returning 
sensation. Grading them in this resjxxt they take the following 
order: electric heat, electric cold, punctifomi i>ain. punctifomi 
pressure, areal cold. |)unctifonn cold, punctiform heat, areal pres- 
sure, areal heat, and radiant heat. 

It is to Ik seen therefore that, with the exception of cold, 
punctiform stimuli give more sudden returns than areal. that cold, 
except electric cold, reappears more abruptly than heat, and that 
{,ain and electric stimuli give especially sudden returns. 
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TABLE XVII. 

percentage of the manner of disappearance of primary after- sensations. 

Areal Pressure. 

Spread and disappear 11.7%; end in tingling 10.1%; go slowly 7.4%; 
quickly, abruptly 21.8%; scatter 5.1%; pass off in two lines converging 
toward the wrist 4%; move toward the fingers 1.1%; go to a point and 
disappear 3.1%; go almost instantly 3.5%; moderately slow disappearance 
4.7%; fading gradually 11.3%; ends in tickling .8%; ends in a conscious- 
ness of the place .8%; spread gradually and disappear 3.5%; uncertain 
14.8%. 
PuNCTiFORM Pressure. 

Disappear gradually 55-3%; go abruptly 42.1%; spread away 2.6%. 
Radiant Heat. 

Rather abruptly 14.3%; disappear stowly and gradually 48.5%; diffuse 
away 37.1%. 
Areal Heat. 

Go gradually 61.9%; abrupdy 6.3%; fairly suddenly 3.2%; persistent, 
i. e. slow in disappearing, 7.9% ; very persistent 7.9% ; diffuse away grad- 
ually 12.7%. 
Punctiform Heat. 

Shades off into a kind of menthol feeling 4.6%; go suddenly 44.2%; 
go gradually 51.2%. 
Electric Heat. 

Go suddenly 28.6% ; go more gradually 28.6% ; quite persistent 14.3% ; 
fade out 28.6% ; 
Radiant Cold. 

Quick but gradual 11.1%; sudden 2.8%; very sudden 8.3%; fade away 
gradually 63.9% ; impossible to tell 13.9%. 
Areal Cold. 

Fading slowly and gradually 62.9%; fade out 11.2%; spread away 5.7%; 
gradually diffusing 19.1%; suddenly 1.1%. 
Punctiform Cold. 

Go gradually 39.6%; go very gradually 31%; spread out and disappear 
10.3%; go more suddenly 10.3%; go suddenly 34%; can't be sure 5.2%. 
Electric Cold. 

Go gradually 42.1%; quite persistent 21%; rather suddenly 36.8%. 
Punctiform Pain. 

Go suddenly 51.9% ; disappear slowly and gradually 48.1%. 

Such a table indicates that : punctiform pain is the only stimulus 
which gives a greater percentage of sudden than of gradual dis- 
appearances; that heat sensations disappear more abruptly than 
cold and, that areal forms disappear more slowly than puncti- 
form or electric. 
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TABLE XVIII. 
:ta<.e of the manner of his appearance op secondary after-sensations. 

Areal Press ire. 

Gi>rs vcr>' slowly 17.3%; goes suddenly 14.3%; moderately abrupt 
3% : fading gradually 10.7% ; spreads and disappears 14.3% ; ends in a 
vague tingle throughout the entire region 2.4% ; disappears in a point 
3.6% ; moves up arm and disappears 2.4^^ ; spreads and dies out in a 
scattered tingling 12.5%; uncertain igX/'/t . 
Punctiform Press ire, 

\'ery gradual disappearance 28% ; more sudden 16% ; gradual 32% ; 
abruptly ^^c ; uncertain 16%. 
Radiant Heat. 

Suddenly 6.2^ ; quickly but gradually i8.77< ; moderately gradual 56.2% ; 
uncertain 18.7%. 
.\iEAL Heat. 

Fade suddenly 14.3%; go gradually 65.3^^ ; die away in throbbing 6.1%; 
spread and rapidly disappear 2%; impossible to say 12.27* . 
Pl'XCTIF«>RM He.\t. 

Suddenly 22.0%; apparently suddenly 20^; less suddenly IM%; slowly 
and gradually 25.7% ; very persistent 11.4% : radiate off 5.7% ; spread 2.9^r. 
Electric Heat. 

Suddenly 22.2*/€ \ gradual ii.i^c ; slow disappearing 11.1%; spread and 
radiate oflF 55.5%. 
Radiant C«h.i). 

Wave-like decrease 54.25?- ; gradual 8.3% ; quick but gradual 8.3% ; 
impossible to tell 2g.27v. 
AiEAL Cold. 

Persistent, fading gradually 69.1 7f ; fade out in indetinite feeling 14.7%; 
spread 8.8% ; go suddenly 7.3%. 

PlSniJORM 0>LI). 

Go suddenly 13% ; go slowly, persistent, 52.2% ; spread away 10.9% ; 
fade out 21.7' r ; go in deep and disappear 2.2%. 
Electric Cold. 

Suddenly 36.3%; quite suddenly 36.3r{^ ; gradually 27.2^. 
PiNCTiFORM Pain. 

Suddenly 31.17J ; quite suddenly 155%; slowly 35.6?^ ; turned into an 
ache %sfx ; left a soreness 44% ; uncertain 4.47? . 

This would seem to indicate that punctifonn pain and electric 
03ld show the largest percentage of sudden disap|)earances ; that 
punctitomi sensations disappear more abruptly than areal and, 
that with the exception of electric heat, the heat stimuli disap|)ear 
more suddenly than the cold. 

D. Summary of Combined Xumerical, Quantitative, and Quali- 
tative Tables. 

If now, all these tables, numerical, qualitative, and quantitative 
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arc considered together and the combined data subsunmied under 
the tlitTerent stinnihis headin^^ the following resuhs are shown. 

Areal pressure stimuH are quite favorable for priniar>' after- 
sensations but relatively less so for secondar>'. More than a third 
of their primary after-sensations appeared alone, and this is the 
grcatc>t pni|)i)rtion ob(aine<l by any form of stimulus except 
radiant and electric heat. Tlie (|uantitative measurements show 
that the greater jKirt of these primarj' after-sensati^ms were of 
"nnxlcratf" duration, and that e<{iial pn^Kirtions of the remain- 
der were "very brief** and long". As to their manner of dis- 
aiUvarancc. it is seen that J>'t «Iisa|>|>eareil alniiptly. — *'rang 
<*tT " with*>ut a pfKos n! gradual fa<iing. while most of the 
remainder fadcil >lowIy. or spread away still keeping the charac- 
ter iif tlic original stimulus, or |>erha|»s. ende<i in a tickling, 
tingling sensation. 38'* of these stimuli gave clear latent inter- 
vaK (a greater pr«»pi>rtion than is given In* any other type <»f 
stimulu%). 54^« i>f which en<lure<l less than T' and only l6'r 
lastcil l»ey«md 30". A small pro|>»>rtion ( 5.JVJ ) of secondar>' 
sensations made their apjiearance unprcceiled by jM'imar)', — a 
greater |>ercrntage. however, than wa^ ol>taine<i by punctiform 
pressure «»r by the otlirr f^^rms of areal stimulation. Of thi»sc 
sec«»ndary sensations wliich it was |>osstble to measure, alunit 
js'i were umirr i s" in duration and more than half the renuin- 
der \%ere "m«Klcrate ". Al^'Ut 45'# M4 4 > repriHhiced the origi- 
nal ({uality of the stimulus, the renuiiiuler taking tlie (|tulities of 
priiking. t!ir« ■!»!»: n^^'. tingling, tickling, stingnig. etc. witli a few 
instances .»f c«-»!i:es^ In less than 10' I of the cases did the qual- 
ity change In the nutter of intensity, areal pressure gave 
aUitit e«iual pfoimrtions i»f miM and intense recalls AUnit a 
thir<l of tJ»e seiondarv sensati«»ns were clearlv l«icalize<i. the re*t 
liTM?;; thituse or sprcal .\l»»iit a third, likewise, made thetr 
apjwaraiUT abrt:|»tly and .1 consideraMr numlier were said to 
"conie from within"' '\hr crral fnaiorit\ «lisap|irare«l In* a 
pr- M*'»'» 'i -1' w !.»*!!'*i; "r M.irtrrci! tingling The jirrcentage of 
revMTrr'.iT^ was. wit!: ♦*••' ■«»!;rv.*il'iH. j» ;. -,1 h^'iirr almost identi- 
cal \%:th t!x ;«rrir?'t.ik:r • t reiiirrenccs ..f .irral cold and much in 
exir*^* ••! t*iat "I areal l:rat 
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from any stimulus. Quantitatively only 4.3% of the primary sen- 
sations were found to be of less than 2" duration and only 21.7% 
exceeded 6o'\ the great majority lying therefore between these 
limits. A very small part of these (14%) disappeared suddenly 
and the rest diffused slowly. The number of latent intervals was 
also very small (8%), and these were over 30" in duration. The 
percentage of secondary sensations was also small (only 34% as 
contrasted with 65% for areal heat) and no secondary sensations 
were obtained without primary. The few secondary sensations 
that were measurable were of moderate duration. The per- 
centage of qualitative similarity to the stimulus is here con- 
siderably reduced, especially if the responses "warm" and "hot" 
are to be considered qualitatively different. Contrary after- 
sensations were obtained in 12% of the cases. Only 19% were 
intense and only 25% clearly localized. A very small number 
(6.2%) came suddenly, (25% were said to "come in waves", and 
31% to "well up"). The same amount, 6%, disappeared 
abruptly. There were 8.5% of recurrences. 

Areal heat gave a percentage of 86.7% of primary after-sensa- 
tions. The greatest part of these were of more than 15" dura- 
tion, — a full 50% (51.6) lasting beyond 60", and only 3.79^ less 
than 2''. As to their manner of disappearance less than 10% 
vanished abruptly. In 22.7% of the cases the primary sensations 
appeared alone (a percentage less than that of areal pressure but 
greater than cold). The preponderance of primary over second- 
ary sensations is smaller for this stimulus than for any other areal 
stimulus; the percentage of secondary sensations being in this 
case 65.3%. Of these secondary sensations 2.7% appeared 
alone. The percentage of clear latent intervals is 16; two-thirds 
of these were- short and none were long. The quantitative 
measurements show the secondary sensations considered, to have 
18.2% which lasted between 5-15" and the remainder to be 
divided between the durations "moderate" and "long" with the 
greater part "long". Qualitatively these sensations show 35% 
pure warmth and 8% burning, the rest being reported as smarting, 
tingling, prickling, with 18% of pressure or touch, and 12% of 
the opposite temperature. In 22% of the cases the quality 
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changed, 16% being a change to the opposite temperature, and 
the remainder being an alternation between pressure and heat and 
heat and throbbing. About 40% of these sensations were intense 
as against i7^/c mild, 4^ were judged ''stronger than the stim- 
ulus'*. More than 50% are recorded as diffuse or spread, as 
against 18% distinctly localized. Only 14.2% are said to return 
suddenly, the rest coming back gradually or **in waves" or 
"streaks*'. About the same proportion (14%) faded out sud- 
denly, while 65% died out gradually, — 6% are said to "go out in 
throbbing'*. The number of recurrences was less with areal heat 
than with any other stimulus, being only 4%. 

Punctifomi heat gives 74% of primary after-sensations, of 
which 19% appear alone. A small percentage of the primary sen- 
sations (4.2% ) are of "very brief" duration, 20.89^ last from 
-:-i5" and the remainder is equally divided between the other 
two hea<lings. 51% disappear gradually as against 41% which 
"ring off" suddenly, while 5% is said to "shade oflF into a menthol 
feeling". Secondary after-sensations appear for 60.3^ of the 
stimulations; 27.6% being preceded by a clear latent interval, and 
5.2'r coming unattended by a primary sensation. The dura- 
tions of the latent inter\'als are equally divided l)etween short and 
long : and the durations of the secondary sensations are all over 
13". 36.4% being over 60". Qualitatively more than 50^ repro- 
duce the original stimulus (if heat and warmth are to be 
ranke<l as the same), the rest are reported as "diffuse pain", 
"menthol feeling", "tingling", "warm pressure" and "prickling". 
Abfuit \2^/c change their quality, alternating heat with touch or 
with the menthol feeling. 34% are called mild as against 40% 
intense. 3^^ were sfx>ken of as "stronger than the stimulus" and 
(>^/f as "painfully warm", j^o^c were localizeil punctiformly 
while 3iCf seemed diffuse or spread out. (y^c were localize<l 
"deep", i. e. sulxrutaneously. 34^f made their apjKrarance sud- 
denly while 6o^c came gradually. (5.75^ are said to "well up'*). 
These sensations show a rather large percentage of alirupt disap- 
pearances, — 43*^" g<^ing in this way as against 37^^ of the more 
gradual ty|)e. 138^; of these sensations show recurrences. 

Electric heat gave the smallest percentage of primarv- sensa- 
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tions obtained by any stimulus and very nearly the smallest 
percentage of secondary, — 58.3% in one case and 37-5% in the 
other. 20.8% of the primary after-sensations appeared alone 
but no secondary sensations made their appearance unaccompan- 
ied by primary. The quantitative measurements show 42.8% of 
brief, i. e. 2-15", primary sensations and 57.1% over 60". 29% 
of these die out suddenly as against 43% which fade away grad- 
ually. The percentage of latent intervals was about the same as 
that obtained from radiant heat, — 8.3%, and quantitatively they 
were all long. The secondary sensations gave 31.2% "moderate" 
and the remainder over 60". In quality 44% were warm or hot 
and the remainder gave "smarting", "biting", "sort of burning" 
sensations with 11% of contrary after-sensations. 33% were 
said to be intense as against 11% mild; and 33% were clearly 
localized. The manner of appearance was abrupt for 55.5% and 
gradual for 44.4%. 22% disaK>eared suddenly and the rest 
disappeared gradually or spread or radiated off. Recurrences 
occurred in 8.3% of the cases. 

Radiant cold gives a considerably smaller percentage of primary 
after-sensations (67.9%) than radiant heat but a noticeably 
greater one of secondary (45.3%). Necessarily then, the per- 
centage of primary sensations alone is much less than that 
obtained by cold, being only 18.9%. The quantitative measure- 
ments show an identical percentage, for the primary sensations, of 
''brief" and "moderate" durations (40%) and the remainder 
were "long". 11% of these disappear suddenly while 75% fade 
out gradually. As with radiant heat, no secondary sensations 
appeared unattended by primary and in no case was a clear 
latent interval reported. No secondary sensations appeared which 
could be measured. In 17% of the sensations clear cold was 
reported in 71%, cool; the other responses were "warm" and 
"rheumatic pain". The percentage of warm returns was 4.2%. 
Only 12% were spoken of as "strong and definite" and only 
4.2% as localized while 62% were reported "faint" and 87% 
diffuse. 75% of these sensations were said to come "in markedly 
recurrent waves", 21% came gradually and 4% "like a cool 
breeze", so that none seemed to show that abruptness of appear- 
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ance characteristic of some forms. 54% showed also a wave-like 
decrease. The percentage of recurrent sensations was 7.5 as 
against 8.5 obtained by radiant heat. 

Area! cold showed the highest percentage of primary after- 
sensations (92.7% ) and next to the highest percentage of second- 
ary (70.8%). Comparatively few primary sensations therefore 
appeared alone (2 1 .8% ) . This stimulus gave also, the highest per- 
centage, with the exception of electric heat, of primary sensa- 
tions with long duration (52.1%), while, like areal heat, the 
percentage under 15" was very small (6.2% "very brief" 
and 8.3% "brief"). Practically all of these fade out or 
spread away gradually (1.1% going suddenly out). The per- 
centage of latent intervals was 11.5%, half of which were 
of long duration and the other half equally divided between 
short and moderate. A small percentage of secondary sen- 
sations were unpreceded by primary (2.1%). 73.1% of 
the secondary sensations lasted beyond 60" and none of 
the remainder endured less than 15'^ Qualitatively 40% 
were described as identical with the stimulus, 10% gave cold plus 
contact and the rest were variously described as tingling, moist, 
wet and heavy, tickle, cool, cold and wet, and throbbing. In about 
11% of the cases the quality changed, 1.5% giving the contrary 
sensation, and the others mainly alternating cold and pressure. 
This stimulus gave also the strongest after-sensations, 85% being 
intense with only 7% mild. 50% were clearly localized as 
against 38% which were not. 38% came suddenly while 51% 
made their appearance gfradually. Only 7.3% disappeared sud- 
denly. The percentage of recurrences was 7.3. 

With punctiform cold the percentage of primary after-sensa- 
tions was 80.6, — ^the highest obtained for any punctiform stimulus 
except pain. In duration the percentage over 60" was less than 
that found for punctiform heat (40.5%) but the percentage of 
moderate durations is larger (40.5%) ; 18.1% lasted less than 2", 
a percentage nearly twice that obtained for punctiform heat under 
this heading. Only 14% of these sensations disappeared abruptly. 
20.8% of the primary sensations appeared alone. The percentage 
of secondary sensations was 63.9, of which 4.2% appeared alone. 
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and 25% were preceded by latent intervals (20% of these being 
"brief" and the remainder equally divided between "moderate 
and long"). Quantitatively, the secondary sensations gave per- 
centages very similar to those of areal cold (31.2% moderate and 
68.7% long). 61% reproduced the original quality of the stim- 
ulus while 2.2% gave "burning cold" ; the remainder were spoken 
of as "cool itching", "cool wave", "cold and pressure", "faint 
rheumatic pain", "cold tingle", "pricking", "stinging", "cold and 
touch", "cold and wet", "tingling". The only change in quality 
was where cool tingle changed to pure cold (2.2.%). 69% of . 
these sensations were intense and 28% mild. 45% were clearly 
localized as punctiform spots, 28% were diffuse and 6% areal. 
34.8% came quickly ; while in their manner of disappearance 13% 
went suddenly while 85% faded out or spread away. The per- 
centage of recurrences was enormously in excess of anything 
obtained by the other stimuli, being 26.4. 

Electric cold gave a percentage of 59.3 primary after-sensa- 
tions of which 18.5 appeared alone. In duration, the primary 
sensations all exceeded 2", the greatest number lasting between 
5-60" (33.3% "brief", 41.7% "moderate", 25% "long"). 
Their manner of disappearance was rather sudden in 37% of the 
cases. The percentage of secondary sensations was 40.7, of 
which 7.4 were preceded by a latent interval, although this in- 
terval was not measurable. Secondary sensations never appeared 
unattended by a primary. Half of the secondary sensations were 
of moderate duration and the remainder divided between brief 
and long with more long than brief. In quality, electric cold rein- 
stated the original experience in 82% of the cases, while the 
remainder was divided between sensations of pricking pain and 
cool tingle. 18% of changes in quality was shown, g% being a 
change to the contrary sensation and 9% a change from cold to 
pain. 54% were strong as against 18% mild; and 54% were 
localized while 27% were called diffuse. 54.5% appeared sud- 
denly, and 73% disappeared in the same manner, while the 
remaining 45.4% and 27% were gradual. The percentage of 
recurrences was 7.4%. 

With punctiform pain, the percentage of primary sensations is 
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exceeded only by areal cold, being 85.2. A relatively small per- 
centage ( 19.7%) appeared alone. In duration, 50^0 were longer 
than 60" and none were less than 2" ( 19.4'A brief and 30.5/r 
moderate). This stimulus gave the greatest |x?rcentage of second- 
ary sensations (73.8%), as well as the greatest percentage of 
sccimdary sensations alone (8.2^/r ). The jKrrcentage of clear 
latent inter\'als was 29.5 and the quantitative measurement of 
these showed 58.3 to l>e over 30" and 33.3 to be brief. The 
quantitative measurements of the Stxondary sensations showed 
none to exist under 2", the entire amount feeing almost equally 
divided among the other three headings. In quality 49% repro- 
duced the stimulus, the remainder giving jxain and pressure, 
sharp contact, sharp beating, prickling and throbl)ing, general 
ache, pressure and ache, and pressure and tingle. This stimulus 
showed the greatest jHrrcentage of change in cjuality (usually 
pressure or touch alternating with pain or else pain changed to 
{•rickling or thn)bbing). AlxuU (>oV< gave strong, steady pain 
while only 31 V<^ were called faint ; and 64^/c were localized clearly 
as against 33% ditTuse or spread out — and this is the largest i>er- 
centage of exact localization obtained by any stimulus. With 
reganl to the manner of api)earance the reix)rts of **graduar' and 
"smMen'* gave relatively close i)crcentages (42.2% and 51%): 
while 47*^ r disap|)eared (|uickly and ^^(//t were ix'rsistcnt. The 
percentage of recurrences was 13.1. 

It is therefore to Ik* seen that with regard to [I] areal and 
punctifonn stimuli (^f the same ty|K*: ( i ) areal stimuli are more 
favorable for the production of primary sensations as shown l)y. 
(a) the relative numlK*r ol)taine<l (with the excq>tion of pres- 
sure). (I)) the numl)er of primarj- sensations unattende<l by sec- 
ondar}-. (c) their greater duration and (d) their more gradual 
disapjiearance : (2) areal stimuli give also the greatest proiK)rtion 
«'f sccoiiflary after-sens,'itions but; (3) punctifonn stimuli give a 
greater fHrrcentagc *»i latent intervals and: (4) secondary- after- 
sensations alone (with the exception of pressure, in l>Mh cases). 
<5) Punctifr)rm stimuli give a greater projiortion of recurrence"^. 
<^>) There i^ no striking ditTerence lK*tween are.il and punctifonn 
stimuli in the duration of either the secondar>' sensation or the 
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latent interval. But qualitatively, it is seen that punctiform 
stimuli (7) more frequently reproduce the identical quality of 
the stimulus, (8) give no contrary temperature sensations, (9) 
are less intense (with the exception of pressure) but, (10) are 
more clearly localized and, (11) make their appearance and dis- 
appearance more abruptly than areal. 

[II] The relations of heat and cold show that : ( i ) cold (with 
the exception of radiate) gives a greater percentage of primary 
sensations than heat, and that: (2), also with the exception of 
radiate cold, these sensations have a greater duration. (3) Heat, 
on the contrary, gives the greater percentage of primary after- 
sensations alone. (4) The percentage of secondary sensations is 
greater for cold, (5) which also gives a greater percentage of 
latent intervals, and (6) secondary after-sensations alone. (7) 
Quantitatively, the cold sensations show a greater duration. (8) 
Cold more frequently reproduces the quality of the stimulus, and 
(9) shows less qualitative changes, including contrary after- 
sensations. (10) Cold is, with the contact stimuli, more intense, 
and (11) with the exception of radiate cold, is more clearly local- 
ized. (12) Again with the exception of radiate cold, the returns 
are more abrupt, and (13), this time excepting electric cold, the 
manner of disappearance is more gradual. 

[III] Punctiform pain is more nearly akin to the areal stimu- 
lations in : (i ) its percentage of primary after-sensations, and (2) 
the length of their duration as well as (3) in the proportion of 
secondary sensations obtained. But, it follows the laws of puncti- 
form stimuli in : (4) the number of primary sensations appearing 
alone, (5) the abrupt disappearance of primary sensations, as well 
as, (6) the percentage of latent intervals, and (7) of secondary 
sensations appearing alone. Like the punctiform stimuli, also, 
it gives (8) a large percentage of qualitative similarity of recall, 
although it shows a greater proportion of qualitative change than 
is found with the punctiform temperature sensations. (9) In 
intensity its percentage is more nearly like that obtained by areal 
stimuli, but, it follows punctiform rules in its (lo) clear localiza- 
tion, and (11) its abruptness of appearance and departure. 
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E, Corneal Pain, 

A limited number of experiments were made on the after-sensa- 
tions of corneal pain ; the author serving as the only subject. 

For these experiments, a camel's-hair brush, carefully sterilized, 
was applied to the surface of the cornea with sufficient force to 
cause a clear sensation of pain. 

The results are given below. 

A. NUMERICAL TABLE. B. QUANTITATIVE TABLE. 

1. Stimulations 25 Duration Prim. Aft. Sens. 

2. Prim. Aft. Sens 24 Very Brief 9 — ^42.8% 

3. Seed. Aft. Sens 22 Brief 10—47.6% 

4. Print Aft. Sens. Alone. . . 2 Moderate 2 — 9.5% 



5. Seed. Aft. Sens. Alone... o Long o 

6. Latent Intervals 19 Duration Latent Interval. 

7. Reeurrences 10 Short 4 — ^21 

8. No. Aft. Sens i Moderate 1 1 — 57.9% 

9. Pereentage Prim. Aft. Sens. 96% Long 4—21 % 

ID. Pereentage Seed. Aft. Sens. 88% Duration Seed. Aft. Sens. 

Very Brief 2 — 10.5% 



Brief 11— 57-9% 

Moderate 6—31.6% 

Long o 

C. QUALITATIVE TABLE. 

1. Quality. 12 fine prieking, no eontaet, 8 sharp priek, 2 fine sting. 

2. Change of Quality. 5 end in eontaet sens. 

3. Intensity. 10 intense, 2 mild, 2 strong, 8 stronger than stimulus. 

4. Loealization. all well loealized, 12 finer than stim. 

5. Manner of Appearanee. 19 sudden, 3 gradual. 

6. Manner of Disappearanee. 

(a) Prim. 13 sudden, 9 quite sudden, 2 gradually. 

(b) Seed. 13 sudden, 2 quite sudden, 2 gradual, 5 end in a 

eontaet sensation. 

These figures seem to give results remarkably definite and 
unequivocal, but as they represent an individual report it is not 
fair to compare them with the average percentages obtained from 
other stimuli. 

It appears, however (i) that the percentage of primary and 
secondary sensations, as well as that of latent intervals and recur- 
rences, is very large; (2) that the primary sensations are all 
under 60'' in duration, (3) that over 50% of the latent intervals 
are of "moderate" duration, with the remainder equally divided 
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between "short'' and "long"; and (4) that more than half the 
secondary sensations are "brief*, with 30% "moderate", and the 
small remainder under 60". ( 5 ) In quality, they are described as 
fine pricking, sharpness or a fine sting : (6) About 25% end in a 
contact sensation, but, that is the only change of quality reported. 
(7) In intensity, all but 9% are strong, and 37% are called 
stronger than the stimulus. (8) They are all well localized, 64% 
being said to be finer or more punctiform than the stimulus. (9) 
86% come suddenly, while (10) 91% of the primary sensations 
go abruptly, and (11) 68% of the secondary. 

It can now be seen that corneal pain follows the laws of the 
numerical percentages obtained from pricking pain. Quantita- 
tively, the primary and secondary sensations (as well as the latent 
intervals although in a lesser degree), are shorter than those of 
pricking pain. In quality, corneal pain more frequently repro- 
duces the original stimulus, and the intensity seems somewhat 
greater than with pricking pain, but the two are closely similar 
in the remarkable accuracy of localization, and the abruptness of 
appearance and departure. 



IV. COMPARATIVE REVIEW. 

We have found that in some of the more incidental descriptions, 
of the relevant literature, it is hard to say whether a reference to 
the primary or secondary phenomena is intended. It seems clear, 
however, that the primary after-sensation of pressure is indicated 
by Kottenkamp and Ullrich, Funke, Blix, Clark, Krohn, Pillsbury, 
Henri, Parrish, and by von Frey and Kiesow in their mention of 
the persistence of sensation after a skin deformation, and, that 
Donaldson's reference is to the primary temperature sensations. 

The descriptions given by Goldscheider, Urbantschitsch, etc., of 
the primary and secondary sensations and of the latent interval 
apply perfectly to the phenomena obtained by us. These authors 
found, as did we, that both sensations may appear or either alone. 

REGIONS BEST SUITED TO THE PRODUCTION OF AFTER-SENSATIONS. 

It seems to be generally recognized that the strength and 
clarity of the after-sensations vary with the region stimulated. 
We accordingly made a topographical survey of the entire body, 
with two subjects, to find out if the regions most favorable for 
the production of after-sensations would show any correspondence 
with the recognized areas of greatest sensitivity. The results 
obtained by pressure, temperature, and pain stimulations are 
given below and while admittedly inexact and unsatisfactory 
would seem to indicate some such general correspondence. 

Pressure, 
Subject X. 

Forehead, breast and palm were the most favorable, giving 
strong and persistent primary and secondary sensations, 
and distinct latent intervals. Lips, cheek and finger-tips 
also produced after-sensations that were very clear and 
strong and had definite latent periods. 

There appeared to be after-sensations from stimulations on 
the abdomen, but the subject believed them confused with 
sensations from the viscera. 



i 
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There were moderately intense returns from stimulations on 

the back. 
The ball of the thumb, upper and lower arms, thighs, and 

the dorsal surface of the lower leg^ were about equally 

sensitive. 
The volar lower leg seemed to be the region least sensitive to , 

after-sensations, giving no clear latent period and being 

of faint intensity. 

Subject VII. 

Face by far the most sensitive. 

Palm gave very vivid after-sensations. 

Arm and leg about the same and fairly sensitive. 

Chest moderately sensitive. 

Very few after-sensations obtained on the back. 
Six subjects tested on face, hands, and forearm. 

Face generally the most sensitive. Palm gave intense and 
very persistent after-sensations. 

Volar side of forearm rather more favorable than dorsal. 

Krohn's figures are based on the persistence of pressure sensa- 
tions ; and we would agree with them in that we find pressure sen- 
sations to endure longer on muscular surfaces, like the calf of 
the leg, than on those regions like the shins and ankles where the 
bones more nearly approach the surface. 

Heat. 
Subject X. 

Forehead and palm gave very clear recalls. 
Back of shoulder quite favorable. 
Arm, dorsal and volar, moderately favorable. 
Practically no after-sensations obtained from stimulation on 
the thighs. 

Subject VII. 

Lips and elbow gave very clear after-sensations. 
Forehead, cheeks, and palm moderately favorable. 
Foot and chest quite sensitive to after-sensations. 
Leg, volar and dorsal, poor in after-sensations. 
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Six subjects tested on face, hands, and forearm. 
Forehead and lips favorable. 
Volar forearm rather better than dorsal. 

Cold, 
Subject X. 

Forehead and back of neck gave esi)ccially clear recalls. 

Back of hand Ix'tter than |>alni. 

Cheeks only mo<lerately favorable. 

Legs and arms quite sensitive and about equally so. 

Subject VII. 

Forehead and chest favorable. 

Foreann, foot, palm, and back of hand fairly good and al)Out 
equal. 

Volar surface of elbow very good. 

Back fairlv sensitive. 
Six subjects tested on face, hands, and forearm. 

F(»rehead very favorable. 

Palm fairly good. 

Volar and dorsal surface of forearm moderately sensitive. 

Pain. 
Subject X. 

Face and breast favorable for the pnxluction of after-sen- 
sations. 
.•\nn and back of shoulder gave (juite clear after-sensations 

and were alxuit ec|ually favorable. 
Legs gave very few and indistinct after-sensations. 

Subject VII. 

Cheek ami lips gave very strong after-sensations. 

Ikick (|uite favorable. 

L*pi>er and forearm miMlerately favoral)le and alxnit equal. 

Palm {KK)r in after-sensatitms. 
Six subjects tested on face, hands, and forearm. 

I'ace most sensitive. 

\'olar and tlorsal surface of f«.»rearm quite g<xyl and alviut 
c(|ually favorable. 
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CONDITIONS BEST SUITED TO THE PRODUCTION OF 

AFTER-SENSATIONa 

No attempt has been made in this study to measure with exact- 
ness the relative value of different conditions of stimulation — 
such as intensity duration etc. — for the production of after-sensa- 
tions, so we have no basis for a satisfactory comparison with the 
results of Groldscheider, Thunberg, etc. Assembling, however, 
what data we have, it can be said that there seems to be a middle 
ground, both of duration and intensity, within which the after- 
sensations make their appearance most readily and most clearly. 

With pressure stimuli, it was found that ( i ) with slow impact, 
faint intensity, and long duration all sensation tended to be lost 
during the stimulation, probably as a result of adaptation, so that 
the removal of the stimulus, if it was effected smoothly, could 
pass unnoticed. (2) With strong pressure and long duration, 
the stimulus could likewise be removed unnoticed at the moment, 
leaving a sensation similar to the stimulus-sensation. There was 
left, in such cases, however, a clear skin depression and von Frey's 
contention that the consequent pressure image is dependent on 
the rapidity with which the skin recovers from this depression is 
here, perhaps, the best explanation. Such cases are on a par 
with the common illusions of pressure from a hat-band or from 
a coin pressed on the forehead, and, might, in a sense, be said 
to be no after-sensation at all in as much as the resulting skin 
depression is actually causing a continuous pressure on the sub- 
cutaneous tissues. Von Frey's further assertion that the "after- 
enduring pressure sensations" did not make their appearance with 
weights of minimal intensity, i.e. those too light to cause a skin 
depression, would, perhaps, since these stimuli were of "not too 
brief duration", be explained under (i), i.e. as the result of adap- 
tation. (2) With a less intense stimulus, but with a very long 
duration the sensation shows a tendency to die out during the 
stimulus, supposedly as a result of adaptation, and to remain 
absent for a time after the removal of the stimulating object then 
to reappear after the manner of a secondary sensation. This 
seems to be the order of phenomena described by Spindler, who 
left his weights on the skin 5"- 10'. (3) Goldscheider found that 
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priniar}' and secondary sensations se|)arated by a latent interval 
made their appearance even with stimuli close to the threshold. 
We, have found this to happen occasionally with weak stimuli and 
brief duration, but these conditions were alwavs attended bv two 
objections, first, that these stimuli were so near the i)erceptual 
limen that their api)earance and disap|)earance were liable to ht 
confused by oscillations of attention, and secon<l, that such light 
touches often aroused the tickle sensations which (juite changed 
the character of the experiment. (4) Too strong a stimulus, 
h«>wever brief, would apparently cause a bruise the aching quality 
<»f which obscured the pressure sensation. (5) Rate of impact 
i'% <»f course closely bound up with intensity but it was found that 
rapi<l impact gave better results than slow, apparently l)ecause of 
tlie fact, that the skin was more apt to adapt itself to the stimulus 
if it was applied gradually, and the full value was, accordingly, 
nnt appreciated. It seems, therefore, that quite strong, relatively 
brief, and rapidly ap])lied stimuli are l)est suited to pnxluce the 
after-sensations of pressure. This would in a general way agree 
with the results of Goldscheider and Thunl)erg, who fouml that 
tliere were certain optimal conditions within which the after- 
sensations made their api)ear«ince most definitely, and that these 
optimal conditions occu[)ietl a middle range Ixuh of intensity and 
• juration. 

Dresslar found that by tickling the region alxmt to l)e stimu- 
I;»ted, s<.> as to bring more bltKKl to the surface, the subsequent 
after-sensations of pressure were stronger and more definite. We 
< xiR-rimented with this metluHl on two subjects and f<»uti<l tliat 
the strength anci |)ersistence of the primary after-sensation would 
*»eem t«» lie somewhat increased bv this means, but tliat it had in» 
apparent etTect on the secondary sensation. This metlnnl was 
ci:scarde<l. hnwever. on account of the difficulty in gettini^ ri«I i»f 
the tickle sensations arouse<l, or of the itching which was 
trec|uently set up thereby. We trie<l ako the ettect of increasing 
the bKMMJ supply in a given region by binding the arm alx»ut 5 
cm. aU»ve the |H)int of stimulation. (2 subject^ were used.) The 
after-sensations re^iulting from pressure stimuli uuiler the<e con- 
ditions were de^crilnrd as *Muller*' and somewhat more <litTu'^e 
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tliaii thi»sc nonnaily ubtaine<l. but the stricture ot the Uin<lai;e an<l 
the unplea^'int etTect of the increasetl \iAo^n\ pressure made it dirti- 
cuh ti> attetui closely to the pressure sensations per s^. Kutibin^ 
the skin was found the Xksi nietluxl of increasing the capilbr>' 
hliMMJ supply witliout the intnMluction of distractuif)^ sensations; 
ami l»y this uietlKnl u was found that the after-sensations of pres- 
sure were slightly facilitated, esi^echilly if the teni|ierature of the 
r«K»tn waN >uch that the ami was slightly cold-ada|ited. Warminf^ 
or ctNilmv; the skin by itnniersion in water of lo C. and 46 C. 
sccincil to detract from the clear definition of tiK after-sensation, 
renderinj^ it duller ami more ditTuse. 

l^>fKild^>n and liall sfieak of the vivid (wrsistence of the after- 
seti>ati(»n < primary I nf a moving: |x»int. We tested eacli of our 
u >ul>jcitN by tins mcth<N| and all re|)orted the astonishing^ clear- 
nc>N i»t the >ulKiM|uent >enHatii»n. This seemed to fluctuate in 
IKirts throuKli«>ut iIh Irn^th — tlie first third sometimes standing 
out m«'st clearly, and s«»metimes the last cpiarter liein^ m«»«*t in- 
sistent, ami this arrangement made it difficult to say whetlier the 
>en>ati«*ii on any |i;irt drop|ir<l out entirely and a^ain returned, 
tir whether it wa^ simply a decrease in intensity enhance«l by the 
cofitr.iHt III an iTureasr in intensity on another |«irt. It was very 
bard t^ pre\cni a >kin-irr!taih»n by this meth'wl. to<i stn>n>j a 
stimuhi^ lauNin;^ a writ ti» arise 

I.atiT a m'»rr detailed scries «»! ex|ieriments was made •« three 
subicit'*. I' te'*l the relative |»ersistence «»f the sensati^ms of a 
|iiiitit in-'MMj^ «'\er a vjuen diMance as comfKired with the after- 
Mrnsati"!! rr'»'.iltini; ir-'in a linear stitnulus of the same length 
Strij^s i.t haid ruUirr i mm in uiiiih and \ar\iTi|^ m length j-io 
im were i^ed I'or tlie pre'»'»i:re ex|>eriments I liesc were pr«H 
\ tiled w:th a handle in tl;e leriter which all"weil them to be ap* 
I lied w:!h an r\en pre^^ure up'U the surface nf the forearm. The 
secf>r:d ^timv.l'.is was i^iven with a wiMiden |>oint. I mm in diame- 
ter. wfiiiJ: w.i^ drawn i«-r an e«jr.i\alent ilistance al*>ni; a neiy^h- 
borin^ curtate I be iiu-th«Hi i.f thermal stimulati«>fi was the 
same, exiept that !iere t'f.e *tTi|»H am! f»»int were «»f !»ras* ami 
wartne«l '-r i- led a-* in pTe\i*»i:s ex|criments Sj«ce dfie^ nn| 
|iermit a tletadol account "f the^ tests. Init sunmunzcd bneflr 
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they resulted as follows: With pressure as the stimulus, it was 
fouiul that with all three subjects tested the after-sensations of 
the moving^ jxjint produced a clearer and more i>ersislent after- 
sensation, lx)th primary and secondary, than could be obtained by 
a linear stimulus. With heat as the stimulus the results were quite 
opposite, the linear stimulus seeming to call out more consistent 
after-sensations than the other, except in the case of the two 
smallest lines — i.e. 2 and 4 cm. — where no jierceptible difference 
was noted. With cold one subject obtained her best after-sensa- 
tions from the movinj^^ iK)int. a second distinctly favore<l the linear 
stimuli while the results of the third were more or less ecjuivocal. 
but ap|x;ared rather more in favor of the linear form. 

With temperature stimuli in general, it was found that the l)est 
results were olxained where the stimuli were of such an intensity 
and endured for so long a time as to give a clear temiwrature 
sensation. With too intense stimuli, however brief, a |)ainful or 
unpleasant ({uality made its appearance and complicated the re- 
Milts; and the same thing hap|)ened if a less intense but still 
Mrong stimulus was left too long in contact with the skin. If 
the intensity were moderate but the duration long both the phe- 
tiomenon of ada|)ation and the objective change in temperature of 
the stimulus itself entered in. If the stimulus was stn mg without 
being {Kiinful (a condition easy to Ixr ol)taine<l with cold) the 
primary sensation ten<led to show itself clear but so |)ersistent as 
to ol)Scure anv |)ossible secondarv sensation. This is in accord- 

mm m 

ance with Dessoir's findings. The best results were, therefore, 
olitained by stimuli which were of sufficient intensity to give a clear 
temi>erature sensation without a painful or unpleasant tone, an<l 
which endure<l only a sutVicient length of time for the sens'ition to 
lie clearly |)erceived. this apperception-time var)'ing. of course, 
with the stimulus an<l the area stimulate<l. 

Binding and tickling the skin were subject to the same difficul- 
fie* with tem|>erature stimuli as with pressure (alth<nigh to a 
somewhat less cleirree) and the resulting after-sensations showed 
the s;ime traits. 

Warming ancl c«H)ling the skin, while it decreased the strength 
01 the primar>' after-sensations of the same stimulus and increased 
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that of the o|>|)i>sitc. after the manner of sensation contrast, still 
^ave li>>th |irinian' anil secondary sensations which seenie«l to lie 
duller atiil less evident. 

Kuhliin^ the skin a|>|)eare4L as with pressure. Nli^htly ti» 
'*hri^hten up" the after-sensations. 

I)e*»si»ir >lates that the primary after-sensati<»ns were stojipeil 
hy the (»|)|iiiMte. atid reinforced hy the same stimuhiH. and the^ 
facts we casilv verified. 

We never >ucceede<l in arousing after-sensations on teni|)era- 
ture sj>i»tN hy tapping — a rare phen«in)enon which (i<»ldM:lietder 
dcHrdfcs as oicasionally taking place; alth«>u^h it must lie ad- 
iiutted the numtier i»f ca^e^ where the tem|ierature sensations 
theniseUcN were thus mechanicallv calletl mit was verv small. 

Witii lain. th«»se stimuli had to lie avoitletl that were intense 
rr*(»u^h to hrnij^ IiIinnI nr to cause a definite jHnicture. fi»r liere. 
tl»e •^"fciu-'*'* of the actual wound entered mto the suli*ei|iicnl 
«en<^ati<<ii Tim* li*n^ a duration als^i tended to hrin^ out this 
*'l»jrrti\c siirene^'* A relatively *»low im|i;ict wa^ found more sat- 
isf-'ul'Tv than <»ne faster, iti that it ^:ave the suhject tune to dis- 
cruniiiatc the m«>ment of actual |iain frmn "the feehnjj of shar|>- 
ness* and thuN |»ermit a Minnilu'* of the projicr uiten^^ily t*» I* 
j;i\rn 

r»i!i«Inik:. warrn'.nu and I'-'lir.i:. arid, in \\\\^ ca*»e. rul»hi!ij; tlie 
nkin I !ri raited ir-'tn the Mvidnr^n nf the recall It wa^ n<>tu'r«l 
that in -"\vx » .l^e^ \\l;erc iljc ^kin ha«l lieen I'wlfd an«l t!ien "^tnnu- 
lated !►> a pr:«K. a iniirrrnir "I thr iwiin ^rn^ati<»n <K'Ci!rrcd alter 
the ^k::: ha-! rf!*.irnr«! t-- the ii'-riiiai ««r ap}i:«'\iinately n<>rnui — 
tvini<raf,:rv 

\il*oi . InuStlu'txSi'd 

We i'.ivr te^'teii t!:e altrr-^eTi-a!:- •!!* '•! iIiffcreT:t ^^timuli nn \\\c 
aT!.r*rr'.r!:M-I *kmi w \\\ S *'.i!«ints • \ Wini: instructors and s 
i:Ta!':.ire '*!*.: 'e: !^ :•' !V.e •!r;i,ir!rr.eT:t ••! I*^\» h' ■1'»l:> ' 

I I'.e :::e!:-.- «I u.i^ ,t* !'.11"\\* \ !v rTnal iin-?ia\rd skin area 
ua'* *< !e» !r ! -v. vr •. !.i: i mm:::: a:>! i?:.irke«! ••::! with anahne 
• '\e .1' 1 t' I" .irr.t -A. I- •':€•:'. •»;•:. i\t l \\\\\\ r!l\l v?:! -rtiie iititil it 
wa*^ ar .e*thet:». :■• tlic j.r-.^k ««i a needle When the white fruft 
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had evaporated the stimuli were applied as in the preceding 
experiments, care being taken here not to let them overlap the 
normal region. 

The results are given below. 

Pressure. 

Subject I. 

Sensitivity is lost for superficial prick, contact and light pres- 
sure, as well as for the mild degrees of temperature. It is retained 
for cotton-wool, and the deep sensibility seems to l)e unaltered. In 
many cases, the primarj' sensation drops out with or before the 
removal of the stimulus. The latent intervals varv from ^-20". 
All sensations are described as deep or tendinous and dull in 
quality. With intense stimulations a severe, deep-seated pain 
made its appearance, it came suddenly and usually after a latent 
interval. Accuracy of localization somewhat better than normal ; 
<lirection of error the same. 

Subject VII. 

Surface sensibility lost for everything but cotton-wool. Deep 
scnsibilitv unaltered. Pressure after-sensations olHained but much 
less clear and vivid than on nonnal skin. Severe jxiin from 
intense stimulation not found, but this was not expressly tested 
for. Accuracv of localization ver\' nearlv normal. 

Subjects VIII. IX. X. XI, XII. VI. 

.Ml exiKfrienced the loss of all forms of touch, etc., except with 
cotti)n-w<x^l, but were unable to be sure of any secondary after- 
sensations. 

Cold, 

Subject I. 

Insensitive to faint and nvnlerate c«»ld. Two cases of secondarv 
after-sensations. Relatively long intervals, 20-60". In quality, 
cold sometimes mixed with slight pain: well localized. With 
intense stimuli frequent appearance of a verj' distinct and intense 
I)ain. sometimes with and sometimes without slight cold, locited 
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deep down below the point stimulated. This pain is occasionally 
projected. 

Subject VIII. 

Insensitive to mild and moderate cold. With strong stimula- 
tions a period of no sensation intervened and then a stinging pain, 
like the pain of the anaesthetic. 

Subject VII. 

Insensitive to mild temperatures. Apperception time for cold 
very long, — intensity of the cold less vivid than on normal areas. 
With intense stimulations there results a very strong deep pain 
with no temperature in it. 

Subject IX. 

Insensitive to weak stimuli. With strong stimuli gets very 
vivid, intense pain which is projected from the middle forearm to 
the wrist. 

Subject X. 

Insensitive to weak stimuli. Thinks can obtain recurrent after- 
sensation of faint intensity. No pain from intense stimulation. 

Subject XI. 

Insensitive to weak stimuli. Strong stimulation gave little heat 
then a warm stinging pain, very intense. 

Subject XII. 

Insensitive to weak stimuli. Gets pressure after-sensations 
without temperature, these are frequently projected. With strong 
stimuli gets cold with a slight superficial pain. 

Subject VI. 

Insensitive to weak stimuli. With strong stimuli gets strong, 
deep pain without temperature. 

Heat. 

Subject I. 

Insensitive to weak stimuli. A noticeable delay in perceiving 
warmth with stronger temperatures. With intense stimuli, a 
strong deep pain usually projected medianly and distally, with or 
without warmth. The phenomenon is not as marked as cold. 
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Subject VIII. 

Insensitive to weak stimuli. With strong stimuli, a latent 
I^criixl and then a slight heat with a sting that may be either deep 
or superficial. 

Subject VII. 

Insensitive to weak stimuli. With strong stimuli got an intense 
pain but usually some warmth with it. 

Subject IX. 

Insensitive to weak stimuli but felt something that was either 
cc»ntact or slight pressure. With strong stimuli, got contact (or 
pressure) and a slight pain below the surface, maybe a little 
warmth with it. 

Subject X. 

Insensitive to weak stimuli. With strong stimuli slight burning 
but no real \)a'm. 

Subject XI. 

Insensitive to weak stimuli. With strong stimuli, a little heat 
felt and strong |>ain. 

Subject XII. 

Insensitive to weak stimuli. With strong stimuli got a sensa- 
ti«>n of blunt pressure with a stinging |>ain in the center of it, and 
sometimes a <lull warm sensation with a pain that is t)oth super- 
ficial and deep. 

Subject VI. 

Insensitive to weak stimuli. With strong stimuli, gets nothing 
liut pressure and slight diffuse warmth. 

Pain. 

Sul>jcct I. 

Prick gave a mild pain with a mildly painful after-sensation. 
Hair pulled gave a slow developing Init very persistent pain. 

Subject VII. 

Prick gave a relatively quite painful sensation, liaving ft 
li>ng apinrrception time. Hair {Hilled gave dull but |)ersistent pain. 
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Su9fimar\. 

It would sccni that by this process of skin aiuxsthctisatt^in wc 
have for a short time, larjjely destroys! the * cpicritic" sensibility 
and put the afTected area in a *'proto{iathic" condition more or lesis 
c<»tnplete. Deep sensibility a|y|iears to remain intact, under these 
contiitions, — m«Mlerate an<l strong pressure are jierceived and can 
l)e li»calized. Many of the characteristics of protopathic sensi- 
iMJity are <|uiie nurke<l. — llie intense pain fnmi tem|ierature 
stimuli, the slow develo|>ment (»f these sensations an«l their dif* 
fusetiess and tendency to be projecte<l. The perception of super- 
ficial touch an<l prick as well as the mil<l de(p*ees of temfwrature — 
tlie distin^ishin^ marks of epicritic sensibility — are. quite 
al)sent.* 

When after sensations were obtainecl thev were le^^s viviil and 
definite than tho>c olHained on the noniial skin. 

Thc^e results are mainly interentin^ a^ showing that a |»rotiH 
|iathic condition nv*re or less comiJete. can be nrt up by tlie use 
of a I'H'al an;i"sthetu' • 

NrMERICAL COMPARISON. 

Nm numerical ct»mpari'M>n nf the after-sen sat i«»ns fri»m different 
stimuli IS >:i\en m the literature so there is no liasis here f«>r a 
com|Kirisf>n with our results. 

' Thr threr phji«r« »»f «rfi«thiltt> nInrrvH by Hrad. Riref« tnd Shrfrm 
to cndition the rexcTicratiiMn n( a ftcctM>ncd mtanroaft nenrc. (i) 11 
•rtiftiNilitjr. unaltrreil aftrr «uch ftrrti'*ning. prt>%iflc« trnMlKicit of deep 
turr anit aiimit« 'i( t<<aliiAtH>n by thit meani alth«*uch the percrfHuiQ uf two 
po«nt« IS two. It U^rkinit (•*» Pr>itf>pathic »efiiihilit]r. tirtt ftage of rrcovety. 
Attrmlt thr prr. r;)!t<>n 'A \*xuV an>l irni|irraiurr («|»"i%i jithituich thr thrr«h 
old ^»r U'th \% htKhrr and t^^r rr4{»>>ntr riv*rr intrr'tr than n<«rfna] aiH 
atroriKly tub) ret ti> "radiation" and "referctKe" Tain it not appreciated 
brl«»w «>-#> «<n thr alimmrtrr and the h»A and c<>ld %\»A% do mM rrtpond to 
rtimuh (<i«ff-n J*" .c' C « .n FlpKritic tentiUlitT tnvoKri thr pefcepti o o 
of light t'Hi^'h <c(»tti»n wtM>l and no ( von Frry hair* on thaved area*) and 
the tntrrmed:atc dncreei of temperature, thetr being perceived f«fhrr than 
tn re%pifr.te t^i thr ttimulati^n of h'lf and cold tpott The tendency to 
radiati «n and rrfrrrncr fadrt out. and the ditcriminatton of the Mte and 
•hape of thr itimulut. at well a« thr percep(i«»n df two pntntt ai toch, it 
regained 

* S'nce thr writing *A tbit thr«ift a brirf paper hat cf»fne to cHir notice by 
Fr^ny and K'jr'*!rfrf* -^n thr *m*.«r> * ^-ingrt in .hr 'km f »*l'*wing an»tthrft> 
ratlin by ethyl chloride The interrtt «»f their research and in conwufct 
ihe pr»intt emphati red differed from oora. bat their reanht do not Mf to 
thow anything noCKcably at variance with what we hav« fooDd 
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L'rbantschitsch found that touch (pressure) stimuh fjave more 
recurrences than areal temperature sensations and from table IV it 
is seen that this is the case in our experiments. 

yl'ANTITATIVE COMPARISON. 

Funke s|)eaks of the great persistence i>f pain (primary after- 
^ens;ition) and our tables show ^\% over M'. 

("foldscheider found that some tcm|)crature points, esi)ecially 
c«»l(l, jriv^. very long primary sensations and Donaldson found 
after-sensations from cold spots lasting "several minutes". We 
have found a large jKjrcentage of primary after-sensati(Mis from 
punctiform cold to exceed 60". 

The length of the latent interval is given as 9/10 of a second 
by Goldscheider, by 'rhunl>erg .SS-.qT/' for pressure and .85'' for 
thenual stimuli, while I^ssoir speaks of it as "about a second" 
for tenijierature stimuli and Kul|)c says the same for heat. With 
areal heat stimuli we found that 66% were brief, i.e. under \'\ 
but the average duration of the latent intcr\'al for cold and pres- 
sure was found to l^ greater. — approaching more nearly the 
figures of Urbantschilsch for whom the latent interval varied 
in>m I-2-J5''. 

The length t)f the secondary sensation of pressure is measured 
by Spin<ller but his conditions of stimulation are so different 
from ours that comparison seems useless. Thunberg speaks of 
hi> sensations as "brief enduring"; and Urtiantschitsch found the 
after-sensations of warm varying between 4-45" and cold 
Inrtween 18-60"; and our figures would come between these 
limits. 

QUALITATIVE COIIPARISON. 

We find most of Clohlscheider's sensations descrilwd as identical 
with the stimulus, with a {lainful tone if the stimulus was too 
intense. The quality with both electric and mechanical stimula- 
tion is descrilnrd as "stechende", and Thunberg described his sen- 
sations by the same adjective, but notes two types of response — 
one a "stechende** sensation followed by a second similar to it, 
and the either where there is only contact in the first sensation but 
the second is "stechende" in quality. The sensation of pressure 
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or contact followed by pain, which is identified by Goldscheider 
with his later phenomena, is shown by von Frey to be nothing 
other than delayed pain. Dresslar variously describes the sensa- 
tions as sticking, contact, or tickling and notes the slightly painful 
tone of some recalls. In our experiments the areal pressure 
stimuli generally gave the quality of "dull pressure" but the punc- 
tiform stimuli, which is the form used by Goldscheider and Thun- 
berg, were often described as "sharpness", "prickly", "stinging", 
"a pain prickle" or "unpleasant sharpness". Preyer speaks of 
sensations of opposite temperature following after one of the 
same temperature as the stimulus, and Urbantschitsch reports 
many cases of these contrary after-sensations. We have obtained 
such sensations from areal stimuli, which was the form used by 
Urbantschitsch. 

In intensity, Goldscheider, Thunberg and Urbantschitsch speak 
of "faint" recalls "strong and definite" and those which are 
described as — "as strong and stronger than the stimulus";- — 
grades of intensity which we have frequently encountered. Grold- 
scheider found that nearly painful pressure stimuli gave painful 
recalls, while with actually painful stimuli the after-sensations 
were less so. In our experiments it was found that intense pres- 
sure stimuli usually gave after-sensations which were more or 
less painful, but, it was not noticed that those stimuli which were 
strong enough to cause pain gave, as a rule, a non-painful recall. 

The after-sensations of Goldscheider and Thunberg are said 
to be well localized, and, we have found a large percentage of 
exact localizations for punctiform pressure. Dresslar, using more 
areal stimuli, describes more diffuse recalls, and Urbantschitsch 
reports many such for temperature, as well as those which spread 
and radiate. These characteristics have been noticed by us for 
areal pressure and temperature. 

We have no data to compare with Urbantschitsch on the 
direction of spreading peculiar to the individual or the stimulus, 
or on the effect on that spreading of a second application of the 
stimulus. It may be remarked here that the introspections of our 
subjects show the phenomena of cutaneous after-sensations to be 
something less definite and exact and therefore more difficult to 
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trace through its various evolutions than was apparently the case 
with the subjects of Urbantschitsch ; his stimuli were consider- 
ably larger and this may. perhaps, have had some effect. 

In their mode of appearance Goldscheid^r and Thunberg's phe- 
nomena seem to come relatively suddenly but, Url)antschitsch, 
on the contrary, seems to find more that make their appearance 
by a process of gradual increasing. Our data would confirm 
this, in that the punctiform stimuli, which is what Goldscheider 
and Thunberg used, make their appearance more abruptly than 
a real. 

The manner of disappearance for primary sensations may be 
cither instant or gradual according to Urbantschitsch, Goldschei- 
der speaks of the primary sensations on temperature spots as 
ending in an indefinite sensation and the secondar>' sensations of 
pressure are spoken of by Dresslar as **going instantly". We 
have data regarding the manner of disap|)earance. in accordance 
with that of Urbantschitsch and Dresslar, but have never re- 
ceived exactly such an account of the ending of punctiform 
tem|)erature stimuli as is described by Goldscheider. 

SUMMARY. 

Our findings in this study are of such a nature that we have 
foun<l a brief review of them almost impossible. We have sum- 
marized in detail the results of our main experiments on pp. 55- 
65. and would refer the reader thereto. 

We think we have shown that cutaneous after-sensations are 
real phenomena and not explainable by imagination, oscillating 
attentinn. or the presence of skin and muscle sensations ordi- 
narily }>assing unnoticed. 

We have found that these phenomena, with their various phases 
of priniarv an<l secon<larv after-sensation, latent interval, recur- 
rences, etc.. occur after the application of each of the f<^rms of 
stimuli employed. 

For a statement of the relative importance of these phases and 
their relation to the different forms of stimulation we refer to 
the alx»ve mentioned summary of i>p. 55-65. 

An attempt at an exact (|uantitative measurement of the dura- 
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tion of these different phases has seemed to us unwise, for the 
reasons given on pp. 37-39. But by grouping them under such 
headings as "long", "moderate", "brief", etc. (cf. p. 39) we 
have obtained some comparative data which are summarized on 

PP- 45-47 and 55-65. 

We have found the after-sensations sometimes differing in 
quality from that of the stimulus (in a few cases even going to 
such extremes as the "contrary" temperature after-sensations of 
Urbantschitsch), but more frequently reproducing the same 
quality. The degree of definiteness with which the after-sensa- 
tions can be localized likewise differs with the different stimuli, 
as does also the manner in which they make their appearance and 
disappear. A comparative summary of these points is given in 
detail on pp. 47-55 and 55-65. 

(We would state that we place less weight on the data obtained 
from temperature stimuli radially and electrically given than on 
those secured from any of the other forms of stimulation, for 
the reason that the number of stimulations given was less, and 
because with subjects III, V, and VI we were unable to locate 
"heat spots" electrically, and with subjects V and VI to locate 
"cold spots" in this manner.) 

Our data on the region of the body best suited to the produc- 
tion of after-sensations pretend to only a rough accuracy, but 
they seem to indicate that there is a general agreement between 
these and the regions of greatest sensitivity. 

Regarding the conditions most favorable to the production of 
after-sensations we have found that there is a middle ground both 
in the intensity and in the duration of the stimulus which causes 
the after-sensations to appear most clearly, since stimuli above or 
below this introduce factors of adaptation, bruising, skin-defor- 
mation, etc. We also tried the effect of increasing the capillary 
circulation by rubbing, binding the arm, etc., of rendering the 
skin hot and cold adapted, and of anaesthetising it by ethyl chlo- 
ride and found that none of these methods added materially to 
the clearness of the after-sensations. 
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PHYSIOLOGICAL EXPLANATIONS. 

The most commonly accepted explanation of cutaneous after- 
sensations is that of Golclscheider who, it will !)e remeinl)cre<l. 
accounts for the delay of the secondary sensation hy reason of 
ils course through the grey matter of the cord. — the resistance 
to this path having to be overcome by an intense, i.e. a painful- 
stimulus or by a summation of more moilerate stimuli. 

Von Frey explained those early cases of Goldschcider's, where 
a pressure sensation was followed after an interval by pain, by 
his discover)' of pain spots in the neighborhood of pressure s|)ots 
and of the greater inertia of these pain spots which caused them 
to l)e sensed more slowly. This explanation does not however, 
as Thunberg suggests, account for those prima rj- and secondary 
**stechen(le*' sensations, qualitatively similar and neither being in 
the least painful. 

KiiliHf <|uotes Goldscheider's theory but suggests the centrifugal 
fil)ers running in the sensor)* roots as affording a more simple 
explanation. 

Thunlxfrg thinks the early sensations are due to a direct \\tr\t 
stimulati(»n and the secondary are conditioned by a sort of inter- 
mediar)' "Zwischenprocess" set up thereby. 

Goldscheider's summation theory as such, seems untenable since 
the discoverv, imder his own conditions, of .secon<lar\' sensations 
from a single induction shock as was made by Thunl)erg, and 
Vintschgau ami Durig. Goldscheider's further hypothesis of 
pressure Ixfing in itself a series of stimuli, while it is impossible to 
disprove, Inrctunes even more difficult to understand if it is to be 
apj>He<l, as it ap|)arently must l)e. to the thermal (especially the 
punctifonn of moderate intensity) after-sensations since refx'Jrted. 

If the existence of centrifugal fil)ers in the posterior nx)ts 
**hall lie proven and their areas of distribution be found to agree 
with those of the centripetal fibers, Kulpe*s suggestion will seem 
tM atTord an adequate explanation of the process. 

Ajwrt from such an hypothesis three types of theor)* seem 
|M»ssil)lc. ( I ) An explanation in terms of spinal cord comluction, 
i.e. to suppose the ner\'ous impulse arising from a given stimula- 
tion to l)e divided somewhere in its course and to make its wav 
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to the conscious center by two or more pathways. The primary 
sensation is aroused at the moment of arrival of that portion 
coming by the shortest or most direct pathway and the difference 
in the length of, or preferably in the number of synapses involved 
in the two pathways accounts for the latent period. (2) To 
suppose the impulse to reach the cortex by a single channel giving 
rise on its arrival to the primary sensation. This impulse then to 
be taken up by associational neurones and carried on to neighbor- 
ing regions of the somaesthetic cortex thereby arousing additional 
sensations, much in the manner that the association fibers between 
the temporal and occipital lobes are supposed to condition the 
phenomenon of visual-auditory synaesthesia. Both of these hy- 
potheses are subject to the objection that, from what is known of 
the rate of nerve conduction and of the "Associationszeit" it 
would appear that the time necessary to traverse even the longest 
nerve course, or to effect connectioris between cortical areas is 
considerably less than the average duration of the latent interval. 
(3) Unless one can assume such a process as Kiilpe describes we 
are led to accept an explanation, like Thunberg's, in terms of the 
sensory end-organ. The duration of the latent period is here ac- 
counted for by the inertia of the sense organ to the kind of 
stimulus, presumably chemical, set up by the "Zwischenprocess". 
Such facts as a change in quality and localization (either by 
spreading or reference) of the secondary sensation could be ac- 
counted for by a diffusion of the "Zwischenprocess" about the 
surrotmding region and its consequent action, in some cases, on 
sense organs of a different type. 

It seems therefore, that, here, as in vision, the phenomena of 
after-sensations are best explained in peripheral terms; but it 
seems more safe to say that no satisfactory explanation of after- 
sensations, or for that matter, of any of the cutaneous phenomena, 
can be obtained until more is known of the anatomy and physi- 
ology of the skin. 

Appendix. 

After- Sensations from Electrical Stimulation. 
For purposes of comparison with Goldscheider's work we at- 
tempted, but without success, to reproduce his conditions. We 
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were unable at the time the exi)eriments were made to secure a 
circuit interrupter of satisfactorj- rate. The following is a lirief 
summary of our results. 

The electric stimulations were given by means of an induction 
coil supplie<l by a storage battery. The electrodes were of fine 
copper-wire and were imbedded in a woo<len handle at a distance 
of 1 mm. from one another. The rate of oscillation was 50 
complete vibrations per second, thus giving approximately icxr 
intervals between stimuli, and, by weighting the oscillator, the 
inter\'als could be increased to 200". In order to limit the number 
of stimuli given, a Wundt Fall Hammer was introduce<l into the 
circuit of the primary coil in such a way that only with the fall 
of the hammer was the circuit closed and the current allowed to 
pass out through the secondary coil. The length of this period, 
and in consequence the number of stimuli given, was varied by 
adjusting the platforms and the counterpoise. In order to over- 
come the inertia of the oscillator,— which in the brief durations 
was very noticeable — it was kept constantly in motion by estab- 
lishing a circuit through the electro-magnate of the coil, which did 
not include the primary induction coil. Into this circuit a small 
incandescent lamp was introduced, which offered a greater resist- 
ance than that of the Fall Hammer, although allowing the pas- 
sage of sufficient current to run the oscillator. Accordingly, when 
the circuit was closed the current would run through the hammer, 
following the path of lesser resistance. Two subjects were used 
for these experiments. 

Our results with these stimuli were manifestly unsatisfactory, 
since, in the first place, we were unable to give intervals greater 
than 20<T while Goldscheider's best results were obtained by inter- 
vals of from 30-70. The nearest approach we could obtain to his 
optimal conditions was by giving 4 stimuli with 200* intervals and 
with this combination. and with one of 6 stimuli with 20<r intervals, 
we oJnained our best results. The latent pauses were here quite 
clear, although of a duration considerably longer than Goldschci- 
dor's and. the secondar>' sensations were sudden, brief, and sting- 
itig or pricking in quality. The importance of the spot stimulated 
was very noticeable, — as many as 15-20 areas l)eing tried, in some 
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cases, before a favorable one was found. When a considerable 
number of stimuli, i.e. 10-15+, were given a tingling, or the 
characteristic whirring, sensation was set up which was quite 
persistent. With less than 3 stimuli, no certain secondary sensa- 
tions were obtained, but only a limited surface was tested. 
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